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PUNA GEOTHERMAL AREA BIOTIC ASSESSMENT

INTRODUCTION

The develomment of geothenhal resources in the Puna District of the
Island of Hawai'i requires continued extension and/or verification of baseline
environmental data and information. Part of this requirement is determination
of the status of local flora and fawna with special reference to rare.
thréatened and endangered birds and higher piants. This is a report on a
project which has oompiled_ existing information on the flora and fauna of the
area, conducted additional field studies ir; the areas, ident_ifiéd sites which
are of special biological significance, and assessed the probable effects on

the biota of geothermal resource development at various places in Puna.

Project Boundaries

Ba.sically the area assessed is the east rift ione of Kil;'—.luea Volcano, and
the areas dowrwind of it, (in reference to the prevailing northeast
tradewinds), in which changes in emissions associated with geothermal
develbpinent might be expected to have a significant effect. This area is
bounded by a 1line stafting at the coast at Honolulu Landing, extending
southwest along Kahakai Boulevard to Pahoa, then nor thwest along Highway 13 to
Ainaloa, southwest along a boundary just south of éxisting subdivision roads
(i.e., along the north boundary of the Puna Forest Reserve and Wao Kele O Puna
Natural Area keserve) , eventually reaching the Hawai'i Volcanoes _Nationai Park
boundary near Thurston Lava Tube; thence extending southward along Crater Rim
Road and Chain of Craters Road to the region of Pu'u Huluhulu; from there

following the Kalapana Trail southeastward to the coast (See Figure 1).
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Objectives of the Study ,

l. To identify, describe, and map the ecosystem types present in the
project area. |

2. Within each ecosystem type to identify and map the occurrence of
rare, threatened, and endangered species of vascular plants.

3. Within each ecosystem type to identify and map the occﬁrrenoe of
rare, threatened, and endangered species of birds.

4, To identify and describe the general structure and status of the
communi.ties ﬁthin which these sensitive species occur.

5. To assess the sites harboring sensitive species in terms of potential

- risk parameters such as proximity to sites proposed for geothermal exploration

and development, effects of such development itself on the sensitive species.
and othér such potential ‘risks as the accelerated introduction of alien
species associated with thek habitat disturbances required as part of the
geothemial eicploratj.on and development process.



METHODOLOGY

Prior to undertaking the survey, a search of the pert__inent 1iterature'was
made to familiarize the investigators with previous studies conducted in the
area,

The field survey was obnducted from 15 Ndvember to 12 December 1984. The
survey team varied from a base team of two to as many as seven ﬁeﬁbers when
acoess into remote areas’by helicopter was used A total of 58 person—days
were required to gather the technical data oontained'in this report.

Access into most areas was by paved or unpaved roads and jeep trails

‘using a 4-wheel drive vehicle, A helicopter was employed for the more

inaccessible Kahauaie'a and wWac Kele O Puna Natural Area Reserve sites.
Transects which were walked—through are ihdicated on the accompanying maps
(Appendix B) .

Tentative ecosystem types délineated from recent aerial orthophotoquads
énd from U.S. Fish and wildlife Servides' nﬁps (Jacobi 1985) were ground
checked and correlated with the orthophotoquads. Criteria such as the
dominant life form and associated plant species were used in identifying and
describing each ecosystem type.

Areas which support native ecosystem types were more intensively surveyed
since rare species are most likely to occur in such areas. Surveys were not
conducted as intensively in the more disturbed ecosystem types such as
agricultural and scrub lands. Thus, a few weedy, exotic species may have been
omitted fram the plant checklist.

Species identification were made in the field. Plants which ocould not be
positively identified were collected for later determination in the herbarium
and laboratory. Notation of species present in each ecosystem type was made

and is presented in Table 1. The species recorded are indicative of the



season and envirommental conditions at the time of the survey. A survey taken
at a different season and. under varying envirommental conditions would no
doubt yield slight variations in the species list especially of the annual
species. Woody species have been censuéed to a greater degree of reliability.



FLORA SURVEY
EQOSYSTEM TYPES

Nine broadly defined ecosystem types are recognized. The descriptions
are generalized and do not attempt to account for all the different local
variations present within the project area. When a development is planned for
a specific site, then these descriptions can be "fine-tuned" for .that site
with a more intensive biological survey.

Of the nine ecosystem types, the 'ohi'a forest is discussed in greatest
detail with a number of Subcategbries recogm.zed. These subcategories are
based on structure, associated plant species, diéturbapce. and Athe presence of
exotié species. The 'ohi'a forests are environmentally significant as they
provide critical habitat for a number of >rare, threateﬁed or endangered plant
and bird species.

The distribution of these eéosystens is presented in the accanpany:'gng
vegetétion maps (Appendix B). The veéetation information assembled and mapped
by the U.S. Fish and wildlife Service (Jacobi 1985) serves as a baseline for
the ecosystem types recogniied on the Volcano, Kalalu'a, Ralapana, and parts
of the South Pahoa maps. Same of the detailed vegetation units presented on
the USFWS maps have been grouped into the inore generalized ecosystem types
recognized in this study. Iﬁfomation from vegetation maps prepared by L.
Cuddihy (in Hannah 1984) of the lower Puna area was used in delineating
ecosystem types in this portion of the project site, The 1983 Pu'u O'c flows

have been accurately mapped using recent information from U.S.F.W.S. and

U.S.G.S.; the 1984 flows include only those up to September 20. 1984 and were

drawn using only generalized maps of the flows.



1. Lava [lava)

Kilauea Volcano, a broad shield volcano lying against the southeastern
slope of Mauna Loa, dominates the Puna landscape. At its summit is a caldera
2,5 miles long and 2 miles wide. Within the caldera lies Halema'uma'u Crater,
the principal site of activity. ‘Two rift zones extend southwestward and
eastward from the caldera; most flank eruptions have taken place along these
two rift zones, particularly along the 1ater (Macdonald and Abbott 1970).

The east rift zone, which runs the length of the study area, trends
southeastward fram the caldera for five miles but then bends sharply and
extends east-northeastward to Cape Kumukah1 and onward along the ocean floor
(Macdonald and Abbott 1970). ILava flows, p1t cratexs, and spatter and cinder
cones of different ages mark the east rift zone.

Pahoehoe flows precbmmate near the summit of Kilauea because they are
close to the vents from whlc:h they are issued, but 'a'a flows become more
abundant with J.ncreas:.ng dlstanoe fram the smmmt and the rift =zones
(Macdonald and Abbott 1970) .

For this study, the lava ecosystem includes recent, barren flows as well
as slightly older flows which support a pioneer vegetation. There have been
several studies of plant succession on lava flows on Hawai'i (Forbes 1912,‘
Clements 1916, MacCaughey 1917, Robyns and Lamb 1939, Skottsberg 1941),
however, the information from these studies is still only fragmentary. A few

- intensive studies of plant succession have been made at selected sites, Doty

(1961, 1967) established several study plots on the 1955 lava flows. Smathers
and Mueller-Dombois (1974) conductéd intensive studies of succession on ash
and pahoehoe at the 1959 Kilauea Iki eruption site,

The results of these studies show how diverse are the successional stages

involved and how difficult it is to generalize effectively about succession on



lava flows. The great range of envirommental conditions available have
produced a complex of successional stages.

From these studies it is clear that available moisture plays an important
part in succession. Whether a lava flow occurs in a wet or dry locality will
determine how rapidly plants are able to colonize it. In wetter areas, the
development of vegetation is much more rapid. The whitish—grair lichen,
Stereocaulon vulcani, often appears first on some lava flows, however, hicher
plants such as 'chi'a (Metrosideros collina) and ferns such as swordfern
(Nephrolepis multiflora) may also éppear at the same time.  'Chi'a is the most
common pioneer among the flowering plants and may even appear ?efore ‘the
lichens, In dry localities colonization of 1éva flows is ekceedingly slow.

Lava flows of different ages and climatic exi:osures can be observed in

the project area, The Pu'u 0'o flows (1983 to present) are completely barren

- for they are too recent and, in fact, newer flows often pour over the earlier

flows. .

On the 1977 flow near the 1660 ft elevation U.S.G.S. benchmark, plant
cover on the 'a'a is very low, 1 to 28. A few small 'ochi'a plants and
swordfern may be‘ found scattered here and there. Lichen ocover is also low
with Stereocaulon oovering 30 to 40% of the rocky surface. Scattered
throughout the flow are pockets of vegetation (kipukas) left more or less
intact by the lava. These kipukas are of varying sizes. The larger kipukas
usually survive with most of its components intact. The smaller kipukas
usually have mary of its 'ohi'a trees killed but still si:anding. Ferris‘such
as uluhe (Dicranopteris spp.) and flowering plants such as mamaki (Pipturus
hawaiiensis), Buddleja asiatica, and 'chi'a often take root at the bases of
these trees because these standing dead trees act as interceptors during

driving rains, causing water to run down the trunks (Smathers and
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Mueller-Dombois 1974). Tree molds found scattered throughout the flow also
provide shady, damp crevices where young plants may grow.

The Mauna Ulu flows of 1969 to 1974. which 'issued near the vents, are
pahoehoz flows. Pahoehoe flows have smooth, hard crusts and colonization
takes place mainly along joint cracks and fissuies. The Mauna Ulu flows, at a
higher elevation and slightly wetter situation, support such pioneer
colonizers as 'chi'a, 'chelo (Vaccinium spp.). "ama'u (Sadleria spp.). 'ae
(Rolypodiun pellucidm), kupaca (Dubautia sczbra), and pavale (Rumex
skottsbergiil). Stereocaulon may be absent or uncdmon on these flows.

The 1955 flow between Keauchana Forest Reserve and 'I'ilewa Crater
oonsists of 'a'a which is densely oovered with Stereocaulon., Higher plant
cover is 10 to 20%. Vegetation consists of 2 to 4 m tall 'ochi'a with many
smaller individuals 15 to 30 am tall and the introduced swordfern. Other
species occasionally seen on the flow include bamboo orchid (Arundina
mggg;;_) , broomsedge (Andropogon virginicus), moa (Psilotum nucum), and
Bgd_d,L_Ja As one approaches the edge of the flow where it meets the forest,
the peroentage of plant cover and the number of spec1es increases. Plants
from the surrounding forests such as huehue (Cocculus ferrandianus), mamaki,
uluhe, and 'uki (Machaerina spp.) sldvly invade the flow fram the forests.

2. 'Ohi'a woodland

In wetter parts of the study area the 'chi'a (Metrosideros collina)
woodland is composed of widely spaced trees with an almost continuous carpet
of uldne (Dicranopteris spp.), a matf:ed fern, between the trees, In moist -
mesophytic situations a grass—shrub association occupies the space between the
trees, The 'chi'a woodland may vary in size from low to tall stature trees in
different iocalities but in any one stand the trees are fairly uniform in
size. The two types of 'ochi'a wbodland are described below.
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a. 'Chia woodland with uluhe [ohia-uluhe]

This ecoqrstem type ocovers large areas of Puna, especially on the
relatively young lava flows below 1000 ft elevation near Pahoa.

The 'ohi'a woodland with uluhe is interpreted as one of several stages in
the normal succession leading to ‘ohi'a forest on relatively wet. ‘a'a and
pahoehoe flows, Atkinson (1969, 1970) studied in detail the successional
trends on ooastal and lowland lava flows of Kilauea Volcano. This ecosystem
type is often not uniform. Atkinson (1970) observed that even on the same
flow there is a wide variation ih'the proportions of uluhe and 'ohi'a. It may
vary from an uluhe "fernland” with few '6hi'_a trees to an ‘'ohi'a/uluhe
"treeland"; Qradaitions from "fernland” to "treeland"™ are not uncommon. From
his observations of the vegetation on t:he 1840 flow and the older, nearby 'a'a
flowé he estimated that the sﬁocession from bére 'a'a to "treeland" stage can
be reached within 120 years. He noted - though that e#tensive prehistoric
pahoehoe fiows in the Pahoa area were still in the 'chi'a/uluhe "treeland"
stage rather than mature 'chi'a foreéts and concluded that the rate of
succession is extremely slow on pahoehoe flows.

In plabes the 'chi'a woodlands with uluhe h‘;ive been burned at some time
or another (Atkinson 1970). These disturbed woodlands have large patches of
broomsedge (Andropogon virginicus) scattered throuchout; clumf_:-s or thickets of
Malabar melastame (Melastoma malabathricum) and waiawi (Psidium cattleianum)
are also common., )

The dense fern cover preven_ts the establishment of many seedlings and as
a result only a few scattered plants such as kopiko (Psychotria hawaiiensis),
'uki (Machaerina spp.)., Malabar melastome, and bamboo orchid (Arundina
bambuseefolia) are found in the thick uluhe mats. The uluhe may be up to 3 m

tall in some places. This ecosystem type is difficult (and dangerous) to
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botanize as the thick carpet of matted ferns often obscures the large earth
cracks, fissures, and tree molds beneath,

In some localities, such as parts of the 1840 flow in the Nanawale Forest
Reserve, the uluhe may be thin and may occur in patches. when this occurs,
other species such as bamboo orchid, 'uki' and swordfern (Nephrolepis
multiflora) beocome common. .

Since this ecosystem type represents an early stage in succession, it
does not oontain a large number of different si:ecies. Rare oi endangered
species are usually not found in this ecosystem type. |
b. 'hi'a woodland with grass [chia-gr]

The total area occupieé by this ecosystem type is not large.

At upper elevations along the Napaﬁ-Kalapana Trail end especially around
Pu'u Hulﬁhulu the vegetation consists of scattered 'ohi'a with broansedge.
Bush beardgrass (Andropogon QLM), 'uki, and ‘ohelo (Vaccinium
reticulatum) are common. Kube—nene (Coprosma e;no_d@id_es) ’ bamboo orchid,
pukiawe Ls:@glig tameign,giee), and 'ama'u (Sadleria cyatheoides) are
occasicnal, Scattered patches of uluhe are frequently encountered. A number
of other grasses such as velvetgrass (Holcus lanatus), foﬁ:tailgrass (Setaria
spp.), and Vaseygrass (Paspalum urvillei); and sedges such as Pycreus
polystachyos, tall fringe rush (Fimbristylis dichotoma), and kuolchia
(Rhynchiospora lavarum) are also occasionally seen especially along the
tr_ailsi.des. -FPiretree (Myrica faya), a noxious weedy tree, is common near
Makaopuhi Crater.

These upper elevation 'ohi'a woodlands with grass occur in areas which
have been burned; the fires originating naturally from volcanic eruptions or
accidentally set by man.

Same of the species found in higher elevation woodlands such as
kukae-nene and Hedvotis centranthoides are not found associated with the
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warmer, low elevation woodlands, These lower elevation 'ohi'a woodlands occur
near the coast and probably receive less rainfall than the higher elevation
woodlands. They are also exposed to some degree of salt spray. Swordfern,
Pluchea odorata, Buddleja asjatica, and other exotic species increase in
numbers,  Native species occasionally observed include huehue (Cocculus
ferrandianus) , mamaki (Pipturus hawaiensis), and naupaka (Scaevola taccada) as
well as 'chelo and pukiawe.

3. 'Ohi'a forest

“This eoosysten type covers extensive portions of the Island of Hawai'i
and is the pr‘incipal ecosystem type found within the stddy area, The dominant
tree in this forest is 'ohi'a or ‘'ohi'a lehué (Metrosideros collina); all
three varieties of Metrosideros occuf in these forests. However, in older
'ohi'a forests 1érge trees of Metrosideros collina var. macrophylla are often
dominant, i - 7

'Chi'a forests occur in moderately moist to wet situations at fairly low
to middle elevations and .show considerable variation in structure and
composition in different habitats. In wet areas older 'chi'a forests commonly

develop a dense understory of tree ferns (Cibotium spp.). Other species of

trees also occur within these older forests and often form a distinct

subcancpy layer. In moderately moist situations a mesic 'ohi'a forest often
develops. A rich assortment of other native tree species occur in these mesic
‘ohi'a férésts. - i

The ‘ohi'a forest, especially the least disturbed portions, is the
principal habitat for Iarge numbers and kinds of native birds. Many rare

native plant species are also found in this ecosystem type.
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Five different kinds of 'ohi'a foi:ests are récognized in this study and
are described in the following sections., Where different kinds of 'ohi'a
forests meet, there .is very often no sharp boundary between the forest types
and one kind usually grades into the other.

a, Wet 'ohi'a forest with native species [chia—a(l)]

This kind of 'ohi'a forest occurs withi'n‘ Hawaii Volcanoes National Park,

'Kahauale'a, Wao Kele O Puna Natural Area Reserve, and a small area in upper

Kalapana (Volcano, Kalalua and Kalapana orthophotoquads). Extensive unbroken
tracts of wet 'chi'a forests are found principally in the upper elevations of
the study area from about 2100 _ft' to 3700 ft elévation:. At iower elevations
(1900 to 1000 ft) these wet forests are fraginented by vrecent lava fldzs and
'ohi'a fbrests which have been distuibed to some extent,

The wet ‘'chi'a forest with native épecies ié the least disturbed
eéosyétém type within the stﬁdy areé and is the best ekample of a more or less
intact wet native forest community. Exotics (or inﬁroduoed) plant species are
confined primarily to the trailsidés and viithin the forest (away from trails)
they are relatively rare or uncommon except where pigs have rooted or
wallowed, Most of these exotic plants are grasses, sedges or herbs and
inclﬁde: such species as Hilo grass (Paspalum conjugatum), broomsedgé
(Andropogon virginicus), Vaseygrass (Paspalum urvillei), Cyperus haspan, water
purselane (Ludwigia palustris), Hypericum spp., m;i_é cordata and fireweed
(Erechtites yvalerianaefolia). A few scattered shrubs of strawberry guava
(Psidium cattleianum) may sometimes be encountered.

These wet 'ohi'a forests with native species are closed canopy forests
(>60% cover) and are composed largely of mature, tall statured (>10 m) 'chi'a

trees. Trees with trunks 1 to 1.5 m in diameter are not uncommon.
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Below the 'ohi'a canopy is a subcanopy layer of native trees, 8 to 10 m
tall, In upper elevation forests such as Kahauale'a the subcanopy layer is
commonly ocomposed of kawau - (Ilex anomala), olapa (Cheirdendron trigynum),
alani (Relea clusaefolia), and kopiko (Psychotria hawaiiensis). Trees of 'che
(Tetraplasandra hawaiensis) may sometimes be found, usually in the more open
areas., Tree ferns (Cibotium spp.) form a third layer (3 to 5 m tall) beneath
the trees, 'The tree fern layer is often dense and in these partsb of the
forest it often appears as if the area were covered by a sea of green
un‘b‘rellas. A number of shrubs and smaller trees are found scattered among the
tree ferns. 'Iheée commonly inciude kanawao (Broussaisia arguta) , pilo
(Coprosma spp.), several Cyrtandra species, Ql_e;mm_:;g parviflora, and 'akia
(Wikstroemia sandwicensis). Patches of uluhe' (Dicranopteris spp.) ‘are found

scattered throughout the forest especially in areas where the canopy cover is

‘more open. A large number of terrestrial and epiphytic ferns including the

rare Adenophorus periens is found in this tyée of forest. Liverworts and
mosses are abundant and form thick cushions on the trunks of trees.

In lower elevation wet 'ohi'a forests such as those near upper Kalapana
the composition of the subcanopy layer begins to éhange. Lama (Diospyros
ferrea) and kopiko become the common elements of this layer. Only s=mall
portionis of these lower elevation forests now remain intaét. These forests
are an important biological resource in understanding the dynamics of our

native forests (Stemmermann 1983, Mueller-Dombois 1985).

b. Wet 'ohi'a forest with native species and exotic shrubs [ohia-a(2)]

This ecosystem type covers a large portion of the Wao Kele O Puna Natural
Areé Reserve. It is also found scattered throughout the rest of the study
area. The ohia-a(2) forest is more or less similar in composition and

structure to the 1less disturbed ohia-a(l) forest discussed previously.
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However, it is generally an open canopy forest (<60% cover). Exotic shrubs,
primarily strawberry gquava and occasionally Malabar melastame (Melastoma
malabathricum) are found throughout the forest but are most abundant in areas
which have been disturbed. Patches of uluhe and exotic grasses are also more
frequently encountered. The tree fern layer is usually not as well developed
as in the ohia—a(l) forest,

Signs of pig .activity are often found; feral cattle damage to 'ie'ie
(Freycinetia arborea), 'uki (Machaerina angustifolia), and olapa may also be
observed in these forests, _

Parts of the ohia-a(l): and a(2) forests bordering the recent Pu'u 0'oc
flows have suffered damage from heat, fire, and volcanié fumes and debris

(tephra and ash) .

c. !0Ohi'a-kukui forest with mixed native and exotic shrubs [ohia-a(3)]

7 This forest type is similar to the ohiaz-a(2) forest but oontains a
certain adni};ture of kukui (m;i;eg M) trees and other ekotic tree
and shrub species (Mueller-Dambois 1985). These wet 'ohi'a-kukui forest units
are easily recognized on the orthophotoquads. The rounded, silvery-green
colored kukui canopy appears as whitish, mottled areas on the black and white
photoquads.

Kukui is a Polynesian introduction and the Hawaiians most likely
cultivated some parts of this forest. The 'chi'a-kukui forests examined
during this survey contained plants of ‘'awa (Piper methysticum),
'awapuhi-kua-hiwi (Zingiber zerumbet), pi'ia (Dioscorea pentaphylla), Hawaiian
bamboo (Schizostachyum glaucifolium), and ti (Cordyline terminalis). More
recentiy introduced plants such as jackfruit (Artocarpus heterophyllius).

avocado (Persea americana), and Philodendron sp. were found in these forests.
Strawberry guava and Malabar melastome shrubs may form a dense understory in

these 'chi'a—kukui forests.
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d. Moderately mojst ‘ohi'a forest [ohia-a(4)]

The moderately moist (mesic) 'ohi'a forests occur in areas which receive
slightly less rainfall (about 75 to 100 inches/yr) than the wet forests but do
not suffer an actual moisture deficit and occur on lava flows which have been
rather well weathered (Fosberg 1972). |

The foresté are oomposed of open (rarely closed), medium to tall stature
trees.  'Ohi'a is the predominate tree but a number of native tree Species
such as lama are also common; these trees may be as tall as the surrounding
'ohi'a trees or they may form a subcanopy layer. A number of dry forest tree
species are'aiso :found in the meéic forests, Large trees of lama: 'ahakea
(Bobea Limonioides), olopua (Osmanthus sandwicensis), and 'che (Tetraplasandra
hawaiensis), 15 to 20 m tall, were found in the mesic forests of the Royal
Garden subdivision., Other tree species also observed include hao (Rauvolfia
remotiflora), kolea-lau-nui (Myrsine lesse rtiana), papala (Charpentieria
ocbovata), and papala—kepau (Pisonia umbellifera). In some places kukui trees
may also be a part of the canopy cover. Mango (Mangifera indica), breadfruit
(Artocaropus altilis), and roseapple (Syzygium jambos) trees may be found in
some mesic forests,

Unlike the wet 'ochi'a forests, the mesic 'ohi'a forests do not support a
dense understory of tree ferns and shrubs. The tree ferns and shrubs such as
alahe'e (Canthium odoratum), kopiko, and mamaki (Pipturus hawaiensis) are
usually scattered and the understory is open. Exotic shrubs found in t!xis
forest include both species of guava, Pluchea odorata, and lantana (Lantana
camara) . |

Groundcover may oconsist of swordfern (Nephrolepis multiflora) and various

exotic grasses such as Hilo grass and basketgrass (Oplismenus hirtellus).
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Large bird's-nest ferns (Asplenium nidus) are occasionally observed on
trees. Other epiphytes include ‘'ie'ie, moa (Psilotum nudum), cheohe (Vittaria
elongata) and Elaphoglossum species,

e. !0hi'a forest with exotic subcanopy and shrub layers [ohia-Db]

Large areas of south Pahoa are covered by 'dxi'a forests dominated by
exotic subcanopy and shrub layers. These forests may consist of medium to
tall stature trees with open or closed canopies. This type of forest is often
hard to distinguish from the ohia-a(2) forests on the orthophotoquads
especially if -the cérb;y is closed, The imderstory layers of this type of
forest have at some time in the past ‘béen more or less greatly disturbed as
exotic species dominate, |

Tall strawberry guava forms a dense subcanopy layer, 6 to 7 m tall, while
snaller guava blants, 1 to 3 m tall, make up the shrub 1ayér. Malabar
melastome is usually a odnmon. 6omponent of the sﬁrub léyer. The ground
beneath is usuvally heavily shaded and groundcover often consists of
basketgrass, thimbleberry (Rubus rosaefolius), downy wood fern (Christella
dentata), 'awapuhi-kua-hiwi, and strawberry gquava seedlings of all sizes.
Other exotics found in this type of 'chi'a forest include honohono (Commelina
diffusa), Spathoglottis plicata, fireweed, ti, | pi'ia, a number of ginger
species (Hedychium spp.), Hilo grass, and rose apple.

Native species vsuch as lama, tree ferns, 'ie'ie, and kopiko are
occasicnal to uncommon,

The more open areas of these forests are usually filled with tangled mats

of uluhe.
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4. Dry forest [dry for]

The dry forests can be found on the Kalapana and South FPahoa
or thophotoquads. The forests occur principally within Hawai'i Volcanoes
National Park and the Royal Gardens subdivision and are usually found on
relatively steep slopes, These forests generally fall between the 50 and 75
inch rainfall isochyets in the study area.

This ecosystem type is composed primarily of a lama-'ohi'a mixture with
other cry forest species on 'a'a lava flows. In some places, however, the
forest may oonsist of almost pure stands of lama (Diospyros ferrea ssp.
@__@ﬂgﬁ) or. more infrequently, of ‘ohi'a, ‘The dry -forest is usually»

open, the trees of medium stature (5 to 10 m) and with rounded crowns,

-although in its best development the forest may be closed and consist of tall

stature (>10 m) trees.

Among the dryland. tree species associated with this forest type are hao.

(Rauvolfia remotiflora), wiliwili (Erythrina sandwicensis) , 'ohe (Reynoldsia

hillebrandij), and 'iliahi (Santalum paniculatum). A large population of 'che
is found in the Royal Gardens subdivision., The trees.tend to occur in clumps
or groups and are easily differentiated from the rest of the vegetation by
their pale-green leaves and thick branches.

Alahe'e (Canthium odoratum), ‘akia (Wikstroemia phillyreaefolia var.
buxifolia), and a'ali'i (Dodonzea sandwicensis) are the most commonly
occurriTng members of the shrub layer when the forest is open, ‘These three
species occur in more or less equal numbers and form a dense thicket between
the trees. Under closed canopy conditions, the shrubs become moderate to
sparse in cover. Alahe'e is more ocommonly seen than aki'a, and a'ali'i is

uncommon., The alahe'e will often form a subcanopy layer 4 to 5 m tall,
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Nomr-native tree and shrub species occésionally encountered in the dry
forests include Java plum (Syzygium cumini), kukui (Aleurites moluccana),
Christmas berry (Schinus terebinthifoljus), lantana (Lantana camara). guava
(Psidium guava) and kolamona (Cassia surattensis).

The native kauna'oa-pehu vine (Cassytha filiformis) often drapes forest
trees and shrubs with its long, orange-colored stems and branches. Other
native vines found in the dry forests include koali-'awahia (Ipomoea indica).,
'aw1k1w1k1 (Canavalia sp.), and huehue (Cocculus Le::.an%)

The pakahakaha fern (,E;L__p_e,l‘__;~ thunbergiana) is occasionally observed on

‘the trunks and branches of trees but the kinds of epiphytic species in this

forest type are few.

The amount of ground cover in the dry forest will vary depending on
several factors such as open or closed canopy, amount of moisture available.
age of lava flow, elevation, etc. At 1o§1er elevations with less rainfall, 30
to 40 percent of the ground is bare or hd'xen—covered 'a'a; laua'e fern
(PIMIB!_I__ scolopendria), the most abundant spec:.es in this layer, may
cover 40 to 50 percent of the ground; and leaf litter and other species such
as peperamia (P_pg;gm,_ leptostachya), broomsedge (Andropogon ﬂrg;m_s) ’
spurflower (Plectranthus parviflora), s;zord fern (Nephrolepis multiflora), and
partridge pea (Cassia lechenaultiana) make up the remainder of the cover.

Under slightly wetter conditions at higher elevations, ground cover may
be 60 to almost 100 percent. Sword fern is abundant while laua'e, basket
grass (Qplismenus hirtellus), and seedlings of dry forest tree and shrub
species are common., Other species occasionally encountered are (Carex
vahuensis), moa (Psilotum pudum), Spanish clover (Desmodium uncinatum), and
Hilo grass (Paspalum conjugatum).
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5. Dry scrub commnity (dry scr]

Within the project area the total area occupied by the dry scrub
community is small and, like the dry forest, is found primarily in the drier
portions of Hawai'i Volcanoes National Park and the Royal Gardens subdivision.

shrubs of alahe'e, aki'a, and a'ali'i, 2 to 4 m tall, are the common
components of this ecosystem type. Lama and 'chi'a trees, 4 to 6 m tall,
occur as scattered individuals throughout the scrub., Sprawling, tangled mats
of 'ulei (Osteomeles gm:bxl.l;d;ﬁ_l:L) are also frequently encountered. Other
shrubs and subshrubs found in the dry scrub community include 'ilima (Sida
__ng_l;_), lantana, guava, hl'aloa (W_a_lsn_;;_ J._g;_ var, gmengana). and
pukiave (Styphelia tameiameae).

The scrub community occurs on rough a'a, Large éreas with sparse ground
cover are common on. the rocky substrate. The xero;hytié kalamoho fern
(Pellaea _m_;__]_._;a) and the succulent spurflower are often found in these
areas. In areas with more ground cover, xot1c grasses such as broamsedge
(Andropogon virginicus), bush beardgrass (Andropogon glomeratus), Natal redtop
(Rhynchelytrum repens) and molassesgfass (Melinis minutiflora) dominate.

Other species occasionally found in this ecosystem type are laua'e,
swordfern, kauna'oa-pehu, moa, pili grass (Beteropogon contortus), and cayenne
vervain (Stachytarpheta australis).

6. Dry grassland [dry gr] |

The dry grassland, like the other two precegdiﬁg ecosystems types. is
found in areas of low to moderate rainfall. Within the project area, it is
found largely in the Hawai'i Volcanoes National Park and Royal Gardens

Subdivision, Kalapana orthophotoquad.
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Grasslands occur on relatively flat ooastal areas and extend upslope to
as high as 480 m (1580 ft) elevation., Grasslands may be found on 'a'a or
pahoehoe substrates.

This ecosystem type is characterized by wide open grassy areas}with rocky
outcrops and vscattered low shrubs and trees, A mixed association of the two
Andropogon species, Natal redtop, and piii grass usually makes up thé dominant
grass cover, Localized patchesb of molassesgrass are occasionally 'enoountered.
Due to drier envirommental oconditions and exposure, shrubs are usually
sprawling or low gfowing, 1 to 2 m tall. Shrubs associated with this
ecosystem type incude_'ulei, .a'ali'i, aki'a, noni, lantana, guava, Java plun'.‘
Christmas berry, 'ili:ahi, and alahe'e. Lantana may form solid stands in some
places, especially‘ along the boundary of this ecosyétem type and the dry
forest, '

Short- to medium-statured trees of. “the icéromytic_ form of 'ohi'a can be
found grohing on the pahoehoe knolls sciattered throughout the giassland. Lama
and wiliwili trees are also found in the dry grassland as scatterd individuals
or small, open stands.

Other species occasionally observed include smaller shrubs such as indigo
(Igg.l.ggﬁg;_a suffrutjcosa), partridge pea, Cayenne vervain, and 'uhaloa; and
weedy grasses, forbs, and vines such as Digitaria spp., pigweed (Portulaca
oleracea), irorweed (Vernonia cinerea), three-flowered beggarweed (Desmodium
triflorum) , and pohapoha (Passiflora foetida).

7. Mixed lowland forest [ml for]

Within the project area the mixed lowland forests extend from the
Kalapara area to Kapoho and on towards Hilo. This ecosystem type presents a
varied mosaic of plant associations rather than an integrated entity. It is

fragmented by villages, subdivisions, cultivated lands, and lava flows.
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The lowland forest ocontains many species found in the moist mesophytic
'ohi'a forest in addition to hala (Pandanus spp.), hau (Hibiscus tiliaceus),
and other lowland species. 1Its inland boundaries are difficult to delineate
as it overlaps other inland ecosystem types (Fosberg 1972).

The lowland forests have been strongly modified by man. The Polynesians

introduced trees such as niu (Cocos nucifera), kukui (Aleurites moluccana),
kamani (Calophvllum inophyllum), 'ulu (Artocarpus altilis), milo (Thespesia

populnea), and 'chi'a-'ai (Syzygium malaccensis). They also brought with them
ohe (Schizostachyum glaucifolium), mai'a (Misa spp.), yams (Dioscorea spp.).
taro (Colocasia esculenta var. antiquorum), 'ape (Alocasia macrorrhiza), noni
(Morinda citrifolia) and 'awa (Piper methysticum). These piants are
frequently found associated with 0ld Hawaian house sites and agricultural
terraces in Puna,

Later post-Cook. introductions include trees énd shrubs of Java plum
(Syzygium cumini), mango (Mangifera indica), avocado (Persea americana),
roseapple (Syzygium Jjambos), guava (Psidium guajava), strawberry gquava
(Psidium cattleianum), Christmas berry (Schinus terebinthifolius) and
monkeypod (Samanea saman). Forestry plantings of trees such as albizia
(Albizia spp.), iromwood (Casuarina spp.), gunpowder tree (Trema orientalis),
Ceara' rubber (Manihot glaziovii), macaranga (Macaranga spp.), Melochia
umbellata, and quaruro (Cecropia spp.) were also made. Many of these
introduced species have naturalizéd and sprgad. |

The mixed lowland forests in Puna today are composed most frequently of a
miicture», of native trees—'chi'a, lama (Diospyros ferrea ssp. sandwicensis),
hala—and the introduced trees mentioned above. The height of these forests
vary greétly fram low stature, almost scrub-like, disturbed forests to medium

or tall stature older forests. The understory varies considerably depending
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upon the nature of past disturbances and the amount of canopy cover. The
shrub layer may consist of the two guava species, Pluchea odorata, Malabar
melastane (Melastoma malabathricum), Christmas berry, and the native shrubs
kopiko (Psychotria hawaiiensis), mamaki (Pipturus hawaiiensis), and ‘akia
(Wikstroemia sandwicensis). Noni and hapu'u i'i (Cibotium chamissoi) are
occasionally found. Where the understory has been greatly distufbed guava
and/or strawberry guava may form a dense shrub layer.

Ground-cover is sparse when the canopy is dense, Basketgrass (Oplismenus
hirtellus), 'awapuhi kua hiwi (Zingiber zerumbet), downy woodfern (Christella
dentata), é&ordfern (Nephrolepis multiflora), a_nd smaller shrubs of_
thinbleberry (Rubus rosaefolius) and Stachytarpheta spp. are commonly
observed, Seedlings of the tree and shrlib species are numerous, Where canopy
cover is less dense such as in disturbed éreas, along roadsides, and the
peripheries of the forests, the ground cover is denser and may consist of
California grass (Brachiaria mutica), molassesgi:ass (Melinis minu;iﬁl_ozg)'.
napiergrass (Pennisetum purpureum), honohono (Commelina diffusa), and
sensitive plant (Mimosa pudica var. unijuga). The vines maile pilau (Paederia
foetida), ka'e'e (Mucuna gigantea), and white thunbergia (Thunbergia fragrans)
are also common in these more open areas,

Locally common are small patches of forest with a single species
dominant. These species include iromwood, hau, kukui, and hala. These amall
patches of forest are usually dense and there are few understory plants. The
rocky substrate may be largely covered with leaf litter under hala, hau, and
ironwood forests while basketgrass is commonly associated with kukui forests.

This ecosystem type also includes the coastal mixed lowland forest and
scrub., The plants along the shore are exposed to salt spray, wind, and larger
amounts of solar radiation, Vegetation consists of low, windswept trees and

shrubs and low mats or cushions of herbaceous plants.
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Most of the Puna coastline is rocky with cliffs plunging down to the sea.
These rocky cliffs are frequently bare except for low growing plants such as
'ilima (Sida fallax), Fimbristylis pvcnocephala, and 'akulikuli (Sesuvium
portulacastrum). Further in from the sea low trees and shrubs of iromwood,
naupaka (Scaevola taccada), Pluchea odorata, and Christmas berry may be found.

An excellent example of native coastal lowland scrub is found ét Lililoa
along coastal Highway 137, just after entering the Malama Ki Forest Reserve
from the Hilo side. Here 'chi'a as well as pukiawe (Styphelia tameiameiae)
come down to the ooast., Other native species found here include Ischaemum
mm,&e_. 'akia (Wikstroemia sp.), ‘ulei (Osteomeles anthyllidifolia), alahe'e
(Canthium odoratum), lama, kauna'oa—pehu m filiformis), and huehue
(Cocculys ferrandianus).

8. Scrub [scr]

This ecosystén tyée is found in éreas ﬁhidi have been frequently
disturbed or previously cleared. It is‘usually dominated by é#otic species.
Scrub vegetation occurs throughout the Study site but is more frequently found
in lower Puna where there has been much more disturbance and agrialltﬁral
activities,

The structure of this ecosytem type may vary fram open, grassy areas with
scattred shrubs and trees to dense, closed scrub.l _

Broamsedge (Andropogon virginicus), molassesgrass (Melinis minutiflora).,
or Californiagrass' (Brachiarja mutica) are usuélly the dominant grass species
in the open scrub. Napiergrass (Penni setu:ﬁ purpureum) , bush beardgrass
(Andropogon glomeratus), and Hilo grass (Paspalum conjugatum) may be locally

common in some areas, 'The most abundant shrub species are Malabar melastame
(Melastoma malabathricum) and the two gquava species (Psidium guajava, Psidium
cattleianum). Other shrubs commonly observed are lantana (Lantana camara),
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pluchea (Pluchea odorata), butterfly bush (Buddleja asiatica), and Desmodium

cajanifolium. Scattered patches of uluhe (Dicranopteris spp.) may also be
found in the scrub vegetation.

Very scattered low (<5 m) to medium (5 to 10 m) statured 'chi‘a trees may
occasionally be found in some open scrub. Exotic trees frequently observed in
the opén scrub include Iggng orientalis, élbizia (Albizia spp.). Cecropia
spp., and Melochia umbellata.

Solid stands of dense, almost impenetrable scrub composed most often of
quava (Psidium guajava) and/or strawberry guava (Psidium cattleiamum) are
found wheré ever the land ha-s been disturbed. ) Esigim reprodu_ces and spreads

rapidly fram root sprouts. In some places this scrub can become as tall as 10

m or more and develop into a fbres\:. Malabar melastome may also form dense
scrub, hov)ever. this type of scrub does not get as tall as the Psidium scrub.
 The density and diversity of the ground cover varies with the amount of
li'?;ht able to penetrate the scrub. The herb layer is poorly déveloped where
the scrub ié dense. Much of the ground .is bare or covered with litter from
the shrubs aWe. Shade tolerant plants such as basketgrass (Oplismenus
hirtellus) and downy woodfern (Christella dentata) are found here. Where the
scrub is less dense Glemwoodgrass (Sacciolepis indica), swordfern (Nephrolepis
multiflora), thimbleberry (Rubus rosaefolius), Stachytarpheta spp., honohono
(Commelina diffusa), as well as basketgrass and downy wood fern, are present.
Few native species are found in this ecosystem type and then these
species tend to be found in the more open scrub. Besides 'chi'a and uluhe
other natives sometimes found in the scrub include ‘'akia (Wikstroemia
sandwicensis), lama (Diospyros ferrea spp. sandwicensis), and sedges such as
Fimbristylis dichotoma, 'uki (Machaerina angustifolia), kuolchia (Rhynchospora
davarum) , Pycreus polystachyos, and Scleria testacea.
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9. Agricultural lands [ag]

Much of Puna, especially the lower Puna area, has been cultivated since
pre-historic and historic times. All cultivated lands including sugar cane
and parpaya fields, orchards, anthurium and orchid farms, fallow fields, etc.,
as well as abandoned fields, pastures, and the network of roads associated
with farming activities are designated "Agricultural lands" in this study. |

These agricultural lands present a mosaic of different patterns on the
orthophotoquads and are in a oonstant state of change from year to year,
Different crops, stages of culi:ivation, fallow fields, crop rotétion. and
eipansion of existing fieldsv all contribute to the general dynamics of
agricultural lénds. i

Sugar cane (Saccharun officinarum) and papeya (Carica papaya) have been
the primary crops grown in the Puna region. However, with the closing of Puna

Sugar Company many of these fields have been abandoned or turned over to

papaya cultivation., These abandoned fields are in various stages of weedy

succession, Recently abandoned fields oonsist largely of cane with a few
scattered trees of Trema orientalis, Cecropia spp., and melochia (Melochia
umbellata) . Weedy annuals, shrubs, and grasses quickly invade the fields from
the roadsides and borders. Shrubs of comb hyitis (Byptis pectinata) as well
as butterfly bush (Buddleja asiatica), and pluchea (Pluchea odorata) are
common. Sensitive plant (mmgg pudica var. unijuga), honohono (Commelina
diffusz), kyllinga (Kyllinga brevifolia), and molassesgrass (Melinis
minutiflora) are fregquently observed in these abandoned fields.

Over time, the sugar cane is replaced by a scrub composed of exotic
species. 'The fields now support scattered, low thickets of guava (Psidium
guajave), Java plum (Syzygium cumini), pluchea, and lantana (Lantana camara).

Pockets of sugar cane, reproducing from ratoons, are frequently found.
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Molassesgrass, Guinea grass (Papnicum maximum), California grass (Brachiaria
mutica), and several Desmodium spp. form lumpy patches between the thickets.

Papaya fields in various stages of cultivation from newly transplanted
seedlings to mature, bearing plants, 2 to 4 m tall, cover large acreages.
Abandoned papaya fields are alsd frequently found, especially around Kapoho
and Pohoiki. Like the sugar fields these abandoned papaya fields are in
various stages of weedy succession. Melochia umbellata will often quickly
invade these fields. Closed, medium-statured Melochia forests are
occasionally "seen around the Pohoiki area.

Long abandoned fields with @heir networks of roads and other evidences of

- human activities can still be delineated on the orthophotoquads if they have

not been obscured by the vegetation, Ground check of these areas reveals
remnants of the former crops or the weedy tree and shrub species associated
with abandoned fields.

Other crops grown in the Puna region include bananas (Mu_s_a hybrids),
passion fruit (Passiflora edulis), guavas LP_SJ.Q;QQ guajava cultivars), and
oranges (Citrus sinensis cultivars). Bawaiian Holidéy has recently hlanted
macadamia nut trees (Macadamia ternifolia var. integrifolia) on 2,500 acres of
abandoned cane land.

The Puna region supplies florists with anthurium and vanda orchid
flowers. Puna nurseries also supply cut foliage and potted plants.

A number of weedy species are commonly associated with all these
cultivated areas. ~ These include several Euphorbia spp., false pimpernel
(Lindernia crustacea), Ageratum conyzoides, Polygala paniculata, comb hyptis.
and kyllinga., Many fields are periodically treated with herbicides to control

these weeds.
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Pasture lands are also included in this ecosystem type. They vary in
structure and are very diverse in species composition, For example, some
pastures may be open savannahs with tall 'chi'a trees on lands cleared of
native forests or they may be scrubby if overgiazed. Most of the pasture
grasses' and herbs were delibrately introduced and specifically planted or sown
to improve the pasture (Fosberg 1972). Pasture grasses commonly seen in the
study site include pangola grass (Digitaria decumbens), narrow-leaved carpet
grass (Axonopus affinis), and Hilo grass (Paspalum conjugatum).
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SPECIES LIST

The species list presented in Table 1 includes species found during this
survey as well as lthose whith have been recorded fram the project area in
previous literature (Stone 1959; Doty and Mueller-Dombois 1966; Fosberg 1975;
Clarke et al. 1979, 1981; Lamoureux and Williams 1982; williams and Lamoureux
1982; Char and Stemmermann 1984; Cuddihy in ed., etc.)

A t:otall of 457 species of vascular plants are known from the project
area, 'The majority of the native species are found in the least disturbed
ecosystem types such as the ‘'chi'a énd dry forests while the weedy exotic
speciesv occur in ecosystems Awhich are frequently diétux:bed éuc:h as scrub and
aQricultural lands, | ,

| In the species list, families are arrangéd alphabetically within each of

four groups: Pteridophyta, Gymnospermae, Monocotyledons, and Dicotyledons.

Taxonomy and napenclature of Pteridoﬂ:jzta (ferns and fern allies) follow
Lamoureux's unpublished checklist of Hawaiian ferns} taigbnmny and nomenclature
of the flowering plénts (Monoootyledons and Dicotyledons) follow St. John
(1973) except where more commonly accepted hames are listed, Hawaiian names
used in the checklist are in accordance with Porter (1972) or St. John (1973).

Table 1 erides the following information:

I. Botanical name ivith author citation,
II. Common English or Hawaiian name, when known.

I1I. Biogeographic status of each Species. The following symbols are
used: i

E = endemic = native to the Hawaiian Islands only, not occurring
naturally elsewhere.

I = indigenous = native to the Hawaiian Islands and also to one or
more other geograrhic areas.

P = Polynesian = plants of Polynesian introduction; all those
plants brought by the Polynesian immigrants prior to contact
with the Western world.
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X = exotic or introduced = not native to the Hawaiian Islands;
brought here by man, accidentally or deliberately after Western
contact, _

Presence (+) or absence (-) of species within nine major ecosystem

types. The number heading each of the columns refers to the

following ecosystem types: :

1. lava

2. 'Ohi'a woodland

3. 'Ohi'a forest

4. Dry forest

5. Dry scrub community

6. Dry grassland

7. Mixed lowland forest

8. Scrub
9. Agricultural lands
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AVIFAUNA SURVEY _

An assessment of the birds known to occur in the east rift zone is
presented by Dr. A. J. Berger in the following report. The report focuses
primarily on the bird species found in the native 'chi'a forests.

Additional information on bird distribution (Tables 2 and 3) was made
available by Maile S, Kjargaard,‘ who accompanied the botanical team into the
more iraccessible portions of the project area.

For several years the U.S. Fish and Wildlife Service has been conducting
studies of the distribution of forest birds throughout the Hawaiian Islands.
The results of this project, con_taining diétribution maps of all native forest
birds on the islénd of Hawaii are now in press (Scott, Ramsay and Kepler,

1985).

BIRDS CF THE EAST RIFT ZONE (by Andrew J. Berger)

This assessment of the birds of the east rift‘ ione of Kilauea Volcémo was
prepared at the request of Dr, Charles Lamoureux. Myvlatest': field survey of
this area was oonducted on Decmber 1 and 2, 1984; this included two
elevations (2200 feet and 1700 feet) .i.n the Kahauéle'a forest adjacent to old
and new lava flows, as well as studies conducted at lower elevations. I had
Previously made extensive bird surveys in Hawai'i Volcénoes National Park and
adjacent areas in the Puna district of Hawai'i between 1965 and 1984 (e.g.,
Berger 1969a, 1969, 1969c, 1972a, 1972b, 1972c, 1980. 1981, 1984). I also
made a bird survey by helicopter and ground search in the Kahauale'a forest on
September 18, 1982. 1In addition, I have made extensive use of all literature |
available on the birds of the east rift zone, as well as some unpublished

observations by several people.
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Three general groups of birds occur in the Hawaiian Islands: 1) endemic
species, t:hose that are unique to the Hawaiian Islands and, therefore, do not
occur naturally in any other part of the world; 2) indigenous birds, those
whose total range in the Pacific basin includes the Hawaiian Islands; and 3)
introduced or exotic birds, those that have been brought to the islands by man
(Berger 198l). Because the east rift zone ektends fram approximately 4000

feet to sea level, there is a striking difference in the occurrence of the

-species according to elevation and forest types.

1. Endemic birds
Of these wnique Hawaiian birds, about 85 percent are either extinct or

are threatened with extinction. Although there are a few exceptions, most of

.the surviving forest birds occur primarily in native forests; that is, 'chi'a

(Metrosideros collina), koa (Acacia koa), and treefern (Cibotium spp.).
However, some of the endangered bird species are now found only at elevations
above that of most of the east rift ione. There are some postulated (e.g.,
the occurrence of mosquitoes and bird nblazia) and some unknown reasons for
the present distribution of the Hawaiian forest birds. I propose to discuss
12 endsmic species that were found, or were thought to have occurred, in the
rift zone région in the past; some of them now occupy the forests along the
several lava flows, Special attention will be given to the following:
I. Order Anseriformes |
A,” Family Anatidae; ducks, geese, and swans
1. Nene or Hawaiian Goose, Branta sandvicensis
Henshaw (1902) wrote that ®the greater number {of
Nene], probably all; 1leave the upper grounds beginning
early in the fall, and resort to lower altitudes, fram
about 1200 feet Muds, for the breeding season." The
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present range of the Nene on the Island of Hawai'i extends
from approximately 3800 feet to 8000 feet on the vslopes of
Mauna Loa (Kear and Berger 1980). The National Park
Serviqe initiated a plan in 1972 to determine if a lowland
population of Nene ocould be reestablished in its former
lowland habitat., The results of this program have been
sumnarized by Banko (1982). Stone et al. (1982, 1983)
discussed the nesting of the Nene in the Ka'u desert and
the management éteps that are necessary to insure the
éontimied success of the Nene on the Island of Hawai'i.
Hw&a, I know of no evidence that the Nene has ever
nested in, or irhabited, the lands of the proposed

geothemal'ione.

II. Order Falconiformes
A. Family Accipitridee; Hawks

| 1. Hawaiian Hawk or 'I'é, Buteo solitarius
The 'I'o occurs on the slopes of Mauna Loa, on both
the windward énd leewara coasts, less commonly on Mauna
Kea, Soott et al. (in press) wrote th;atl the 'I'o "occupies
'a broad fange of habitats from papaya and macadamia
orchards through virtually all types of forest including
ohia rainforest and subalpine mamane—mig woodland.” They
found the hawk from Sea level to 2600 meters elevation.
Although now classified as an endangered species, Scott and
his coauthors remarked that: "Given the abundance, wide
distribution, and high reproductive success of this species

(C. Griffin, pers. comm.), it seems appropriate to
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reevaluate its endangered status" (see also Griffin 1984,
who estimated a wild population of 1,400 to 2,500 birds).
The 'I'0o occurs in the geothermal project zone. Hawks
were seen during early Decembér 1984 at elevations between
2400 feet and 1500 feet. Conant (1980) saw indiv_icmals
"reqularly in two localities: Pua'i'alua Crater and in the
closed 'ohi'a forest near the eastern boundary of the
Kalapana Extension. This latter area is traversed by the
paved roads of the Hawaiian Homes Kalapana 'subdivision',."
The 'I'0 has a very wide home .xV:ange where it fc;rages for
food. It is én adaptable Species. feeding on spiders,
insects, mammals, and both native and introduced birds
(Ber_éer 1981). There would be no significant impact on the
'I'o because of geothermal development. ‘
iJ:I. Order Strigiformes
A. Family Strigidae; Typical Owls
1. Hawéiian short-eared Owl or ©Pueo, Asio flammeus
sandwichensis
The Puec is a permanent resident on all main islands
‘in the Hawaiian Chain. The birds occur from sea level to
at least 8000 feet on Mawna Loa and Mauna Kea, and the
birdsl are toleiant of wide climatic conditions, The
Division of Forestry and Wildlife considers the Pueo to be
endangered on O'ahu but not on Hawai'i. The Pueo differs
fram most other owls in that it is diurnal in habit; hence,
they are seen much more often than the nocturnal introduced

Barn Owl (Tyto alba). Nevertheless, I have never seen the
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Pueo in the project area, Conant (1980) does not discuss
this species, and Scott et al. (in press) did not find this
owl in the Puna district. Scott et al. (in press) said
‘ that "The species was most often in grasslands, shrublands,
and montane-parklands. Less frequently, it was seen
quartering low over the canopy of closed forests."
Geothermal development certainly would have no adverse
effects on the Pueo.
V. Qrder Passeriformes
A. FPemily Turdidae; Thrushes and Bluebirds _

1. Hawaiian Thrush or 'Gma'o, Etgeg,nigébsr'urus obscurus

The Hawai'i race of the endemic thrush is thé most
common of the surviving races} it is not considered to be
endangered, Scott et al. (in i:ress) wrote that: ™wo
well—estabiished populations occur on Hawaii. the 56A.'000
Kau birds weakiy separated from the 113,000 Hamakua—-Puna
birds by the degradea Kapapala Tract...Fairly high numbers
of Qmao at lower elevations in Kati and Puna indicate a
robust population not threatened by eﬁ:tinction...ﬂigh Qmao
densitites in mosquito-infested Puna indicate some
populations have resistance to avian disease"™ (see also,
van Riper and Scott 1979). The 'Gma'o is a common species
in the Kahauale'a forest in suitable habitat at all
~elevations, and I have seen it at an elevation of 1000 feet
in the Puna Forest Reserve. Conant (1980) found "the
highest densities (20~30 birds/40 ha) of 'Gma'o...in closed

- 'chi'a forests above 490 m (1600 feet)."™ Because of its
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high population numbers and its distribution in relation to
probéble geothermal operations, the 'Gma'c should not

suffer any significant impact from geothermal development.

B. E_‘amily Muscicapidae; 0l1d World Flycatchers A
1. 'Elepaio, Chasiempis sandwichensis sandwichensis

The 'Elepaio is one of the few native bird species
that has been able to adapt to mixed endemic and introduced
vegetation and even to almost entirely introduced
vegetation in some lowland areas on O'ahu. The 'Elepaio is
ﬁot an endangered népecies. -

During her study of the Kalépana Extehsion, Conant
(1980) estimated dénsities of 6 to 10 birds per 40 ha in
suitable habitat at elevations between 2400 and 2900 feet,
noting that the 'Elepaio occurred in “rather low
densities,™ Conant (1982) did not find the 'Elépaio in the
‘"south central portion of the proposed [by Campbell Estate]
geothermal .development area (between power stations B & D
in the Kahaualea Forest)" during censuses oconducted in
January 1982, nor did I see or hear 'Elépaio in this region
on September 18, 1982 (at elevations beb»eeh 2000 and 2900
feet). Conant (1980) also remarked that "the spread of
aggressive exotic plants, such as guavas (Psidium
cattleianum Sabine, P. ggf ajava L.), which may form dense
monospecific stands, can be viewed as a threat to the
survival of the 'Elepaio. In the Kalapana Extension, low
elevation mesic and rain forests are seriously threatened

by exotic plant invasion." Scott et al. (in press)
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estimated a total population of 'Elepaio on the Island of
Hawai'i to amount to 214,989 birds. They remarked that
"the windward Hawaii population of 124,000 birds also shows
marked avoidance of disturbed understories in the upper
northwest ocorner of the Hamakua study area, and in the dry
scrubland of Puna and Kapapala." The possible occurrence
of a few 'Elepaio in the proposed geothermal zone is
inoonsequential.
C. Family Drepanidiche} Hawaiian Honefcreepers
This is Hawaii's endemic bird family. About 40 percent of the
family are ;extinct and énother 40 percent are classified as
_threatened or endangered.
1. '0'u, Psittirostra psittacea
The 'O'u ié considered to be the rarest of the
] surviving honeycreepers on the Big Island by the Hawai'i
Forest Bird studies recovery team (Scott et al. 1983).
Moreover most of the 'O'u in ‘recent years have been found
at elevations well above 3000 feet, Scott et al. (in
press) wrote that "on Hawai'i the Ou is most abundant fram
1,300 to 1’5'00 m elevation, but was recorded at 900 m [2900
feet] in Puna." They also noted that "Ou are associated
with low elevation, mosquito-free forests that have a high
canopy and lie outside the koa and koa-chia zomes...The
tendency of the Ou to wander into mosquito—infested areas
and its very low numbers make its survival precarious.”
Mosquitos are abundant in the Kahauale'a forest, as well as

" at both lower and higher elevations (Goff and van Riper
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1980; van Riper et al. 1982). Even above 3000 feet
elevation, '0O'u populations are widely separated, and it is
problematical that the species will be able to survive far
into the future. The very small, isolated population of
'0'u that may exist at the upper elevations of the
Kahauale'a forest are in even greater danger of extinction,
partly because of the abundance of mosquitoes there and
because there are so few birds there. Moreover, they are
so isolated from any other population at 'higher elevations
that there_ und)ubtedly ‘is no géne fldz between th
populations, Therefore, the inbreeding among the few:.birds
at these lower elevations could rapidly lead to poorer
reproductive success or other factors that would lead
naturally to the extinction of the population. In brief,
the proposed geothermal ione would have no adversé effects
on the survival of the '0O'u.
Common 'Amakihi, Hemignathus virens virens (formerly Loxops
virens yirens) |

This is the secohd most  common 6f the surviving
honeycreepers. Scott et al. (in press) estimated the total
population on Hawai'i to be 870,000 birds. The ‘'Amakahi
shows tolerance towards people at Hawai'i Volcanoes
National Park. It is most common at higher elevations,
although I have found 'Amakihi at an elevation of 250 feet
in Malama Ki Forest Reserve., However, Conant (1982) did
not mention the 'Amakihi in her discussion of the Kahuale'a

forest, nor did I see or hear this species during my field
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work in this area in 1982 or 1984. The possible occurrence
of the 'Amakihi at lower elevations certainly is irrelevant
to the detemmination of a geothermal zone.

'Akiapola‘'au, Hemignathus munroi (formerly H. wilsoni)

- I mention this species only because Baldwin (1941)
found it in Hawai'i Volcanoes National Park; Baldwin found
it in Kipuka Kulalio at elevations between 5400 and 6700
feet. Scott et al. (in press), however, did not find the
'Akiapolé'au in the Puna distriét. Berger (1972c) found a
few birds in the Kilauea Forestr Reserve at much _higher_
elevations than the proposed geothermal zbne. A
Hawai'i Creeper, Oreomystis mana (formerly Loxops maculata
mana)

Baldwin (1941) considered this creeper to be an
"uncommon,  permanent resident® of Hawai'i Volcanoes
National Park. However, Scott et al. (in press) wrote that
"thé Hawaii Creeper apparently sufféréd a dramatié decline
in numbers in the vicinity of Kilauea Crater in the late
1930's to early 1940's. It has been suggested that this
decline was due to interspecific competition with the
Japanese White—eye (Durmire 1961)...In -this area other
factors probably caused the decline of this species.”
Scott and his co-workers did not find the Hawai'i Creeper
in the lower Puna district. |
'Akepa, LOXOpSs coccineus

Baldwin (1941) found the 'Akepa to be "rare or absent"

from Hawai'i Volcanoces National Park. Berger found it to
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be an uncommon species in the Kilauea Forest Reserve during
1972. Scott et al. (in press) also found a population in
the Kilauea Forest Reserve, but they did not find it at
lower elevations in the Puna district. |

'I'iwi, Vestiaria coccinea

The 'I'iwi is the most striking in appearance of the

common surviving honeycreepers, and it is not an endangered

species. Scott et al. (in press) estimated a total
population on Hawai'i Of 340,417 birds. In the entire Puna
district, hohever, they estimated the population to number
no more than 191 birds, O;nant (1982) reported only three
'I'iwi in her studies in the Kahauale'a Forest, and I did

not see or hear it there in 1982 or 1984. The 'I'iwi is of

no ooncern for establishing a geothermal zone.,

'Apapane, Himatione sanguinea sanguinea

This is the most common bird among the surviving
species of honeycreepers. Scott et al. (in press)
estimated a total population of more than one million birds

on the Island of Hawai'i. Of these, more than 132,000

" birds occur in the Puna district. Scott and his co—workers

wrote that: "On Hawaii, Apapane occur from sea level below
the Puna and Kona study areas to 2,900 m elevation on Mauna
Kea." They noted that "the maxmum densities we found for
Apapane, 2,000 birds/km® in the Kau area, are the highest

bird densities ever recorded for a noncolonial species.”

Indligenous birds
This group of birds includes the seabirds and the migratory shorebirds

and ducks that spend their nonbreeding season in the Hawaiian Islands. None
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of these migratory species are of any concern for establishing a geothermal

zone., I will discuss briefly two species of seabirds only because they were

mentioned in the Campbell Estate geothermal hearings during October and

Novemberr 1982,

I. Qrder Procellariiformes
A, PFamily Procellariidae; Shearwaters, Petrels, Fulmars

1.

_Manx or Newell's Shearwater, Puffinus puffinus newellj

King and Gould (1967) wrote that "Kauai is now the
primary and possibly unique breeding locality of Newell's
Shearwater." More recently, Repler et al. (1979) wrote of

- possible breeding colonies of this shearwater on the Island

of Hawai'i, but these possible énall colonies are located
on the Hamakua coast and in the Kohala Mountains. There is
no evidence for the occurrence of tl}is shearwai:erb m the
Puna district.

Dark-runéed Petrel, Pterodroma masgpysig sandwichensis

| 'Jhé primary nesting area for this petrel is in
Haleakala Crater on Maui (Buxbaum 1973; Berger 198l); a
émall colony also apparently occurs on Lana'i (Hirai 1978);
and Winston E. Banko found four occupied nesting burrows
high on Mauna Loa in 1968, and in 1970 he found birds on
Mauna Kea., ‘There is no evidence, however, that there is
now, or was in the past, a n;-zsting coleny in the Puna

district below 4000 feet elevation,

3. Introduced birds
Mcre than 170 species of alien birds have been introduced to the Hawaiian

Islands by man since 1796 (Berger 1981). Approximately 50 species have



82

established breeding populations on one or more islands. A number of these
may legitimately be called "pest birds.”™ Some (e.g., Spotted Munia, House
Finch; see below) have caused considerable destruction to experimental small
grain crops in the state. Doves and the Myna have been implicated in
spreading the seeds of such noxious plants as Lantana camara. The Japanese
White-eye often is a problem for fruit growers. Other examples could be
cited, and two relatively new seed- and/or fruit—-eating birds on Hawai'i pose
problems for the future. For exémple, Rose-ringed Parakeets (Psittacula
krameri) were reported to be nesting at the Mauna Loa Macadamia Nﬁt Orchards
south of Hilo in 1981 (Paton g;gl. 1982). "These parakeets eat both seeds and
fruits., and Paton and his oco-workers éstimateé( that "potential annual crop

losses could reach $50,000" if a large population of these birds were to

 become established., Warbling Silverbills (Lonchura malabarica cantans) were

first reported on the Big Island by Bergér (1975). Not only has this
primarily seed-eating bird increased its rangé gfeatly on Hawai'i but it also
has spread to Maui, lana'i, and Moloka'i. Such birds will make the growing of
small grain crops essentially impossible. Finally, some of the alien species

(e.g., Japanese White?eye, Melodious Laughing-thrush) occur from sea level to

~at least 8000 feet elevation on Hawai'i, including the 'ohi'a forests; their

role in the spread of avian diéeases and in competing with endemic species is
incompletely known at this time. However, it is reasonable to conclude that
all of the introduced_bird species are irrelevant in the determination of a
geothermal zone.
I. Order Columbiformes
A, Family Columbidae; Pigeons and Doves
1. Lace-necked or Spotted Dove, Streptopelia chinensis
chinensis
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This Asian dove was introduced to the Hawaiian Islands
at an early date; the exact date apparently is unknown, but
the bifds'are said to have been common on O'ahu by 1879
(Caum 1933). The species is now common to abundant on all
of the islands, and, like the other doves in the state, is
classified as a garﬁe bird. 'Iﬁis dove occurs where the
rainfall exceeds 100 inches per year, but the highest
densities are found in drier areas where such introduced
plants és koa-haole (Leucaena leucocephala) and kiawe
(Prosopis M) flourish. Although a very ocommon
species on Hawai'i, the Spotted dee is not an inhabitant
of the 'chi'a forests,

Bafred or Zebra Dove, Geopelia striata striata

This small dove is ;said to have been introduced to the
islands sometime after 1922 (Bryan 1958). It has been a
very successful species and is now abundant on all of the
islands. Schwartz and Schwartz (1949) estimated densities
as high as 400 to 800 birds per square mile in dry areas in
O'ahu and Moloka'i only 25 years after their introduction.
One study of their food habits revealed that the diet
consisted of 97 percent seeds and other plant materials}
the 3 percent animal matter included several speg:ies of
beetles, weevils, and ivireworm larvae. The doves contract
intestinal roundworms and tapeworms from the insects in
their diet (as does the Spotted Dove), and Kocan and Banko
(1974) reportéd on Barred Doves in Hawai'i that were

infected with = trichomonas, a parasite that has
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"catastrophic" effects in North America., Like the Spotted
Dove, the Barred Dove is not an inhabitant of dense
forests. - They are most common in urban areas, and in
relatively open rural areas such as pineapple and cane
fields, pastures, cutover forests, and truck gardens.
Rock Dove, Columba livia |

All varieties of the domestic pigeon are derived from
the European Rock Dove, They apparently wére first brought
to the islands in 1796. I saw several flocks of pigeons in -
the lowland area of the east rift z<-)ne. Their | onl&
é:ignificanoe is bécause of potential public health
problems. For example, Kishimoto and Baker (1969) found a
fungus, Cryptococcus neoformans, in 13 or 17 samples taken
from pigeon droppings on O'ahu, This fungus causes a

chronic oerebrospinal_meningitis in man, Huil (1963) noted

that "in all but the cutaneous form the prognosis is very

grave" for man (see also Abou-Gabal and Atia 1978).
Schwartz and Schwartz (1949) found heavy para_a_;itisn of the
doves by tapeworms, which not only retards i:roper nutrition
of the host but also "occludes the intestine, produces
undesirable toxins, and hinders breeding."™ The presence of
such parasites certainly has implications for other birds.
both introduced and endemic.

QOrder Passeriformes
A, Family Alaudidae; Larks

1.

Skylark, Alauda arvensis arvensis
Henshaw (1902) wrote that the introduction of the

Skylark to O'ahu had been a "great success", and that some
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birds had been released on the windward side of Hawai'i,
"but their fate is at present unknown". The Skylark is now
common to abundant in suitable habitat on Hawai'i. I have
seen this species in open ocountry from sea level at South
‘Point to above treeline (approximately 9306 feet) on Mauna
"Kea., There is nb open habitat in the forested lands of the
east rift zone. Conant .(1980) found the Skylark to be
uncommon "but widely distributed in Qrasslands" in the

- Kalapana Extension,

B, Family Timaliidae; Babblers and Laughing-thrushes
1. Melodious Laughing-thrush, Garrulax canorus

his bird is a member of the babbler family even

though it long has been called the Chinese Thrush (Bwa-mei)
-in the islands, '"He species is native to the Yangtze
,Valley in China énd southward to Laos, and it occurs in
Formosa, ‘The birds were brought to the islands as cage
birds, "A number obtained Eheir freedom at the time of the
great fire in the Oriental quarter of Honolulu in 1900, and
took to the hills behind _t:he city" (Caum 1933). 'Birds were
later released on Hawai'i and the other islands. This
laughing-thrush 1s now common on the Island of Hawai'i,
where the birds pa:efe; fairly dense vegetation. Scott et
al. (in press) found that in the vicinity of Kilauea
Crater, this species has "increased from occasional
vagrants to fairly ocommon breeders in the 1980-1983
period."” Conant (1980) found this laucghing-thrush to be
"uncommon (1-5 birds/40 ha) in both open and closed 'chi'a

forests" in the east rift zone region,
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Family Zosteropidae; White-eyes and Silver-eyes

1.

Japanese White-eye, Zosterops japonicus japonicus

This ‘race of the white-eye is native to the main
islands of Japan fram Ryushu to Honshu and the islands
lying between Japan and Korea, The first Japanese
White-eyes (Mejiro) were released on O'ahu by the
Territorial Board of Agriculture and Forestry in 1929 (Caum
1933). At least 252 White-eyes were released on the Island
of.Hawai'i during June 1937 (Berger 1975b). The White-eye
presents an exarﬁple par excelleﬁce of the success of an
introduced species. It now occurs on all of t';he main -
islénds, is found from sea level to tree line on Hawai'i,
and irhabits very dry areas (e.g., Kawaihae) and those
having 300 or more inches of ‘rainfall i)er year. ‘There is
virtually no habitat in the islands‘ that is not inhabited
by White-eyes and I believe it to be the most abundant song
bird in the islands. White-eyes eat insects, fruit, the
pulp of' berries, buds, and nectar, so that they can be a
serious threat to farmers. The California State Department
of Agriculture (Reffer et al. 1976; Audubon Magazine
September 1982) is greétly concerned about the aécidental
release of a related species (Gray-backed White-eye, Z.
palpebrosa) at San Diego. 'Two pairs e_scaped in 1973 or
1974; 150 offspriné have been captured since then.
"Estimates of the potential 1loss in soft-fruit crops,
should white-eyes evér begin 'to multiply rapidly and

establish large populations, run as high as $2 million a
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year." Scott et al. (in press) estimated a population of
.more than one million birds on Hawai'i, alone; hence, all
that fruit farmers can do is to ocontrol the birds in a
limited area. The white-eye is of no concern in making a
detefmination of a suitable geothermal zone.
D, Family Sturnidae; Mynas and Starlings
1., Common Indian Myna, Acridotheres L:Li_s_tis.;gisgis

'Jhé myna is native to Sri Lanka, India, West Pakistan,

Nepal, and adjaéent regions, The Common Myna ~was
introduced fram_India "in 1865‘ by Dr., William Hillebrand to
oombét the piégue of army worms that was j:avaging the
pasture lands of the islands"™ (Caum 1933). The Myna is
common to abundant, especially in lowland areas of the
inhabited ié.lands, beiﬁg most common in the vicinity of
houses and barns in outlying districts. It aléo occurs at
elevations up to at least 8000 feet but is found in
pastures, the edges of fotests, and in disturbéd areas in
general. It is common at the Hawai'i Volcanoes National
Park Headquarters but is not found in the 'chi'a forests of

the east rift zone.
E. Family Ploceidae; Weaverbirds and Allies
1. sSpotted Munia or Ricebird, Lonchura punctulata

This Asian species was btought to Hawaii by Dr.
William Hillebrand about 1865 (Caum 1933). Caum wrote that
the Ricebird "feeds'on the seeds of weeds and grasses and
does oonsiderable damage to green rice."™ Rice is, of

course, no longer grown in the islands, but the Ricebird
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has been a serious pest by eating the seeds of sorghum (see
also House Finch). The Ricebird is an abundant species on
all of the islands, and it is tolerant of both wet and dry
habitats, The birds tend to be namadic during the
nonbreeding season, moving over large areas in search of
seeds. The birds are prolific, nesting during every month
of the year. The birds occur fram sea level to at least
7500 feet, but they do not inhabit the 'chi'a forests.
They are birds of ﬁastures, cane fields, cutover forests,
and other di sturbed areas.
House Sparrow, Passer _d_omg_s_t;;g@ _

Also called the English Sparrow, the House Sparrow was
first imported to O'ahu in 1871, when nine birds were

brought in from New Zealand (where the species had

previously been introduced from England). Caun (1933)
wrote that "whether or not there were further introductions
is not lcnown, but the species wés reported to be numerous
in Honolulu in 1879."_ The House Sparrow in North America
(first introduced in Brooklyn in 1852) became a serious
pest, and many thousands of dollars were spent in
attempting to control the f:opulation. This sparrow
apparently never became a serious pest in the Hawaiian
Islands; it is omnivorous in diet, eating weed seeds as
well as insects and their larvae. The House Sparrow
typically is found in the vicinity of man and his
buildings. In Hawai'i Volcanoes National Park, it is found

primarily around the headquarters buildings, less commonly
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around the camp grounds and picnic areas, I know of no
records of its occurrence in the 'ohi'a forests of the east

rift zone,"

F. Family Fringillidae; Sparrows, Cardinals, and Buntings

1.

Cardinal, Cardinalis cardinalis

This bird also is called the Rentucky Cardiral,
Virginia Cardinal, and the Redbird. Cardinals were
released several times on Kaua'i, O'ahu, and Hawai'i
between 1929 and 1931, On Hawai'i, it is found from sea
ievel to at least 7500 feet on Nhﬁna Kea. It inhabits iaoth
very dry areas and those with a high annual rainfall.
Socott gt al. (in i)ress) wrote that "Cardinals have
infiltrated most of the forest in the Puna study area.
This was facilitatéd by three factors——the Puna forest has
ektensive edges with disturbed habitat élong its north,
east, and south bbundﬁries; a rift zone located through the
middle of the forest supporting disturbed habitat; and
widespread localized marijuana (Cannabis sativa and indica)
cultivation by feral man throuchout the forest interior -
that creates numerous canopy openings and provides seeds
for the diet."™ Conant (1980) wrote that she felt it
doubtful that the Cardinal "has any adverse competitive
effects on native birds," a sentiment with which I agree.
House Finch, Carpodacus mexicanus frontalis

This finch is native to North America. Birds were
first brought to the islands "prior to 1870" (Caum 1933).
It is now an abundant species in both residential and ruial
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areas, in wet and dry vregions, and in the high ranch
country and open forest lands on Maui and Hawai'i. They do
not inhabit dense forests, Because of their fondness for
ripe papaya, the bird is called the Papayabird in the
islands. Despite this liking for soft fruits, however, the
House Finch is pre&xninantly a seed eater, frequéntly also
eating flower buds. when experimental crops of éorghun
were plahted in former sugarcane fields at Kohala during
1972, Spotted Munias and House Finches destroyed 50 tons of
grain from an gicperimental plot that had been_eicpected to
produce 60 tons. There is very little habitat fin the upper
reaches of the east rift zone for House Finches, although
Conant (1980) wrote: "On a few occasions I was surprised
to find birds in the open 'chi'a~hapu'u (Metrosideros-
Cibotium) areas bécause, for the most part, these habitats

are surrounded by closed forests."

DETRIMENTAL FACTORS FOR THE ENDEMIC BIRDS

Most of the potential geothermal sites in the east rift zone will be at |
elevations below 3000 feet. The majority of all of the endemic forest birds
now are found at elevations above 3000 feet. Therefore, it seems pertinent to
consider those factors that threaten the forests and the birds that are found
at elevations less than 3000 feet, that is, even if no additional geothermal
develomment took place in the east rift zone.

1, 'Iﬁe effects of the large numbers of mosquitoes (especially Culex
quinquefasciatus) on the endemic birds already have been mentioned (pages 75.
77, 78: see also, Goff and van Riper 1980; van Riper and Goff 1982). The
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avian diseases (particularly malaria and pox) transmitted by the mosguitoes
are a threat to the survival of most of the endemic bird species.

2. The small Indian mongoose (Herpestes auropunctatus), the roof or
black rat (Rattus rattus), the Norway rat (Rattus norvegicus), the house mouse
(Mus musculus), the feral cat (Felis catus), and the feral dog (Canis
familiaris) have been studied in the Kilauea Forest Reserve at a higher
elevation (Muéllef-Dmlbois et al. 1981), It is certain that all also occur at
lower elevations along the east rift ione (Tdnich 1969). All of these
introduced pests are predators on birds and their eggs or young (Bergér 1972¢c,
1981). | _ |

3. Pigs (Sus scrofa) were brought to the Hawaiian Islands by the early
Polyhesian settlers} later, the English released European pigs (Tomich 1969).
Mueller-Dombois et al. (1981: 310) noted that "In the Kilauea forest, the
effect of feral pigs is véry not:_'_méeable." They added (page 316): “There is
little doubt that the widespread pig digging in the Kilauea forest has been a
major factor in reduci_ng the flative ground-cover vegétation. The present
total cover was estimated as only 7.7 percent...Pig digging undoubtedly has an
effect on the invasion of exotic plant species. Se#eral einotic grasses
(Holcus lanat_:us, Anthoxanthum odor , and Axonopis affinis) and composité
weeds (Erechtites valerianaefolia, Hypochaeris radicata, Gnaphalium purpureum,
and Senecio sylvaticus) occurred sporadically in forest openings where the |
ground was disturbed by pigs." The pigs élso_ eat the seedlings of Acacia koa,
and the stamach contents of seven pigs 6ontained fr&n 70 to 95 percent tree
fern parts. These effects of pig activities occurred in Ehe Kilauea Forest
Reserve which "was soon recognized by IBP participants as the best intact
example of this forest type remaining in the state" (Mueller-Dombois et al. .
1981: 217; underlining mine)., Conant (1980), in writing about the east rift
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zone region, said: "This change [vulcanism], as well as extensive alteration
in forest habitats wrought by feral pig and goat activity and exotic plant
invasion, may account, at least in part, for the disappearance of several
forest bird species fram the Kalapana Extension, It is probably botanically
acceptable to say that there are virtually no 'unimpaired’ habitats remaining
today." 1In her report on the Kauhahale'a forest, Conant (1982) noted that
"same degree of disturbance is evidenoe by the numerous trails that traverse
the area. Presumably the trails are used by hikers, hunters, and pigs.
Exotic plant species are common along the trails, less so in the remainder of
the forest." 'lhus,_ it seems safe to conclude that both pigs and eicotic plants
pr;esent a threat to the integrity of the few end;nic forests that remain in
Hawai'i,  Scott and his co-authors (in press) discuss various Hawaiian
ecosystems, with special attention to understory and Qromd vegetation, in
relation to the diétribution of both endemic and exotié bird species.

~ SUMMARY |
l. Only a véry few-endemic forest bird species inhabit the forests of
the east rift zone of Kilauea Volcano, and their populations are low in
comparison to their nmnbers' at 'higher elevations. None of these endemic
forest birds is considered to be endangered or threatened with extinction. A
amall number of Hawaiian hawks (ptesently considered to be an endangered

species) do occur in the east rift zone. The hawk, however, is a wide-ranging

~species, and it seems certain that the birds would simply shift their home

range if a geothermal plant produced any conditions that the hawks found
objectionable. 'Ihe hawk now inhabits papaya and macadamia nut orchards, thus
showing that the birds are able to adapt to people and to highly disturbed
habi tats. |
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2. There is no evidence that any species of native sea bird nests in the
east rift zone of Kilauea Volcano, nor that they have done so historically.

3. The many introduced or alien bird species that occur in the entire
rift zone (that is, to sea level) are _irrelevant to a determination of a
suitable geothermal zone, This is trﬁe because none are endangered species,
they exist in very large numbers; a large number have proven to be pest birds
in Hawai'i, and some may be important in harboring parasites and diseases that
oould‘pose a threat to the endemic bird species.

4, The introduced mongoose, rats, feral cats, and feral dogs are

predators on birds, their nests and eggs. 'Ihe_ roof rat and the other two
introduced rats (Norway and Polynesian, Rattus émaﬁs) cause oonsiderable
damage to agriculture as weil as to homes and commercial buildings.

5. Pigé not only destroy the ground cover and tree ferns in the mative
forests but their rooting also opens up areas where eicotic pﬂlants can become

established in forested areas.

ORNITHOLOGICAL FIELD NOTES — Kahauale'a, Upper Kalapana & Wao Kele O Puna
Natural Area Reserve
Ten bird species were observed in Kahauale'a and the upper Kalapana—-Wao
Kele 0 Puna Natural Area Reserve (NAR). Tables 2 and 3 summarizes these
findings. Namenclature and phylogenetic order used in the tables follbw A, J.
Berger's treatment in the preceding report. |
The following information is presented in the tables:
I. Taxa, i.e., oormbn name as well as scientific name and family.
II. sStatus (symbols after Pyle (1977))
Re = Resident SPecies, native, endemic at the species level.
Fl = Foreign introduced species, long established aﬁd breeding in

the Hawaiian Islands (for more than 25 years).
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E = Currently on the Federal List of Endangered Species.
III. Abundance indices are scaled fram 1 (rare) to 10 (very abundant).
IV. Occurrence of species on a transect.

The smaller number of species brecorch’d fram the Kahauale'a area is in
large part due to the limited number of transects.

Among the introduced species, the Japanese White-eye and the Melodious
Lauching-thrush occurred in all twelve transects in moderate numbers.

The 'Apapane and the 'Gma'o are the most frequently encountered native
species,

Mosquitoes were abundant on the upper Kalapana (1240 to 1400 ft
elwaﬁon) énd Wao Kele O Puna NAR transects. Fewer ;nosqultoes were noted on
the two, higher elevation Rahauale'a transects.

Table 4 presents avifauna distribution among the different ecosystem
types. (refer to Flora section).

Introduced species occur in the very open 'chi'a-uluhe association as

well as the forested areas while native species, with the exception of the

'I'o, occur in the 'chi'a forest. The less disturbed types of 'chi'a forest

('ohi'a—é(l) ' 'qhi'a—a(2)) support more native species,
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ENDANGERED SPECIES
FLORA
Several rare, threatened or endangered plant species are known to occur
or to have occurred in the past within the project area, A list of such
plants fram the Southeast Rift Zone has been compiled by Dr. C. Corn (State
Botanist, Division of Forestry, Department of Land and Natural Resoufces)
using information obtained from the botanical literature and herbarium sheet
labels, The following species have been collected in the project area:
*Rauvolfia remotiflora
*Reynoldsia billebranaii
*Tetraplasandra hawaiiensis vér. hawaiiensis
Bidens skottsbergii var. conglutinata
*Bidens skottsbergii var. skottsbergii
Clermontia hawaiiensis
*Cyanea rollandioides
*Sesbanja tomentosa var. tomentosa
*c.y:tandfa ramosissima '
*Scaevola kilaueae
*Omioglossmn 6oncinmm
Peperomia lilifolia var, obtuéata
*Ischae:hum byrone
*Adenophorus periens
Alphitonia ponderosa var.v kauila
*Bobea timonioides
*Pelea pickeringii
Zanthoxylum dipetalum var., geminicarpum

*Bidens hawaiensis
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Not all collections had .precis'e location data and the following species may
occur or may have occurred in the project area:
*Bidens campylotheca
Clermontia peleana
*Cyanea tritomantha var. tritomantha
*Cyrtandra giffardii. |
*Labordia hedyosmifolia var. kilaueana
*Portulaca sclerocarpa
*Pelea zahlbruckneri
*Pelea parvifolia var. apoda
*Nothocestrum breviflorum v_ar breviflorum
*Nothocéstrlin longifolium var. rufipilosum
*Wikstroemia perdita |
*Cyanea giffardii
*Trematolobelia wimmeri
Hedyotis mam1 var. scaposa
*Labordia hedyosmifolia var. magnifolia
Those species currently under feview by the U.S. Fish and wildlife
Service (1980) are denoted by an asterisk.
A number of the speciesv listed occur within the Hawai'i Volcanoes
National Park boundary or at higher elevations outside the project area.
During theAcourse- of this survey eight plant species currently under

review were located and are discussed on the following pages.

ADENOPHORUS PERIENS L. E. BISHOP
This fern is a member of a genus endemic to the Hawaiian Islands. In the
) .
19th century it was known to be fairly common from rainforest areas on Kaua'i,

O'ahu, Moloka'i, Lanai'i, Maui and Hawai'i. For the past 60 years only two
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populations have been known., A small population (probably less than 100 |
plants) still occurs on Moloka'i, near Pepe'opae Bég, Kamakou. The major
population, consisting of several thousand plants, occurs entirely within the
Puna District, largely within Kahauale'a, and extending fram there a short
distance eastward into the Wao Kele O Puna Natural Area Reserve (Fig. 2).

Ad__e_hgd}g;ug_ ‘periens was listed by Fosberg and Herbst (1975) as
"population apparently decreasing, very tare." In the latest Fish and
Wildlife Service determination (1980) it is listed as a Category 1 candidate
for listing as an endangered species. A Category 1 speciés is one for which
the Service had suffi-cient information to support &1e biological
appropriateness of listing, but for ‘which data still needed to be oollected
ooncerning the envirommental and economic impad:s of listing and desiénation
of Critical Habitats.

Recent studies (Lamowreux 1982a, 1982b, 1984a; Williams 1982; Williams
and Lamoureux 1982) have delimited the area occupied by this species in Puna,
and have provided estimates of population siié in this area, Prior to the

Pu'u 0'o eruptions of 1983-85 population size was estimated at between 65,000

and 100,000 plants. Our field studies in late 1984, conducted for purposes of

the present repbrt,' revealed that a small part (perhaps 5%) of the habitat had
been destroyed when covered by lava flows fram Pu'u O'o. More significantly,
a combination of tephra deposited-and volcanic gases emitted in large amounts
during Pu'u O'o eruptions has had rather severe effects on the near_ly forests,
and resulted in the loss of many individualé’ of Adenophorus periens. By
November 1984 nearly all aA. periens in the forests nearest Pu'u 0'o seemed to
be dead, while those in the northern part of Kahauale'a, near the end of
Captain's Drive, appeared to have been unaffected by recent volcanic activity.

We were not able to oconduct a census of sufficient scope to allow us to give a
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reliable estimate of present population size, nor are we éble to predict the
time that may be required for the population to recover to its pre-eruption
size,

The studies made in 1982 by Lamoureux and Williams revealed a number of
details of habitat requirements for A. periens. It is an epiphyte which seems
to be confined to a layer of mosses, liverworts and small ferns that forms a
mat up to 2 inches thick on the lower trunks of 'ohi'a-lehua (Metrosideros)
trees in areas ivhere the tree canopy is well-developed and where a subcanopy
of hapu'u ferns (Cibotium) prwides heavy enough shade to allow the
development of the thick moss/fern mat on the lower tree trunks. This SOrf of
habitat is encour;_tered essentially only in the forest type we have classified

and mapped as 'chi'a forest-a(l). This is a very sensitive habitat type,

since any changes which would result in removing either the 'chi'a-lehua trees

or the hapu'u ferns would also have the effect of destroying the moss/fern mat
and the Adenophorus periens which lives in it.

BIDENS SKOTISBERGII SHERFF VAR. SKOTTSBERGII

Bidens _ngtispg;gj,j, var. skottsbergii (ko'oko'olau) is a small to medium
shrub, 1 to 1.5 m tall, with bright yellow flowers belonging to the daisy

family (Compositae). It has been placed in the Category 1 status by the U.S.

Fish and wildlife Service (1980) and is listed by Fosberg and Herbst (1975) as
"depleted, rare, and endangered".

It is very restricted in distribution, usually found in the dry forest or
dry scrub community although it may occur i/ery rarely in the mixed lowland
forest (Fig. 3). An easily accessible population is found mauka of the
Waha'ula heiau within Hawai'i Volcanoes National Park.

The ko'oko'olau is not likely to be directly impacted by geothermal
development as it is not found in areas with high geothermal energy potential.
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- BOBEA TIMONIOIDES (HOOK. F.) HILLEBR.

A medium-statured tree, 6 to 8 m tall, with pale green leaves and a
whitish to gray oolored bark, Bobea timonjoides ('ahakea) is found in all
'ohi'a forest types but reaches its best development in the moderately moist
(mesic) ‘ohi'a forests on the palis abox)e Waha'ula Heiau. Several straight—
trunked trees of 'ahakea, 24 to 27 m tall, were found in the Royél Gardens
subdivision among 'ohi'a, lama (Diospyros ferrea ssp. sandwicensis) and olupua
(Osmanthus sandwicensis). ‘This particular stand of trees oomiaosed of the
species mentioned above was 20 to 27 m tall, all straight-trunked (30 to 45 am
in aianeter) and branching high above the ground. -

The 'ahakea is presently under review (Category 1) by the U.S.- Fish and
Wil&life Service (1980) , Fosberg and Herbst (1975) list .it as "wery local,
endangered”, _

The 'ahakeg is. located in areas already designated or proposed for
geothermal development, Roads, wells, powér plants and other geothermal
facilities should be sited so that they avoid those locations with 'ahakea

trees.

CYANEA TRITOMANTHA GRAY VAR. TRITOMANTHA

Cyanea tritomantha var. tritomantha ('aku'aku) was found only once during
the course of this survey in an 'chi'a-a(2) forest (Fig. 5). Although the
surrounding forest had signs of pig damage, the area with several of the
Cvanea planfs was not damaged and aléo "contained a number of Cyrtandra
species, The substrate on which the Cyanea occutred 6onsisted of very rough
'a'a, this probably deterred the pigs.

This Cyvanea is a very striking plant. The population we found had' pure
white flowers in dense clusters and the leaves and stems were covered with

almost-translucent prickles.
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Cyanea tritomantha var. tritomantha has been placed in Category 1 by the
U.S. Fish and wildlife Service (1980). Fosberg and Herbst (1975) list it as
"rare, total population low, whether dangerously so or not; endangered, in
oonsiderable danger of disappearance®., 'his species is very rare in the
project area and is probably restricted to 'ochi'a-a(l) and a(2) forests,
Since it is very rare and its populationvamears to be limited any direct
disturbance by geothermal development would be detrimental.

JSCHAEMUM BYRONE (TRIN.) HITCHC.

This is a grass endemic to the Hawaiian Islahds, which is restricted to
coastal areas and usualiy groﬁs on sand or rocks ﬁithin a hundred yards or so
of the sea. It was known in the past fram 0‘ahu, Moloka'i, bﬁui, and Hawai'i
and may still be présent in small numbers on all these islandé. Fosberg and
Herbst (1975) listed it as “depletea, rare, endangéred". The latest Fish and
wildlife Service review (1980) includes it as a Category 1 species for listing
as endangered, It occurs spox:adi@lly élong the coast of Puna: recent
collections have been made near Honolulu Landing, in Malama-Ki Forest Reserve,
and at Kamoamoa (Fig. 6). Because it gr'ows only in close proximity to the
coast, away fram areas proposed for geothermal develomment, it is unlikely
that such v_developnent will have any effect on its prospects for long-term

survival.

RAUVQLFIA REMOTIFLORA DEG, & SHERFF
Rauvolfia remotiflora is a medium sized tree with milky sap and light
green leaves., The fiowers are small, whitish-yellow and occur in clusters.
Within the project area it is found in the dry forests behind Waha'ula

Heiau and in the Royal Gardens subdivision (Fig. 7).
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It has been placed in Category 1 by the U.S. Fish and Wildlife Service.
(1980) . Rauvolfia remotiflora has a very restricted distribution and Fosberg
and Herbst (1975) note that 'it is "very local (found only or principally in
one or more restricted areas), very rare, and endangered."

The Rauvolfia is not located in an area proposed for geothermal
development.,

REYNQLDSTA HILLEBRANDII SHERFF
Reynoldsia hillebrandii ('che) is a medium-sized tree fram 5 to 30 m tall

with thickish branches. The trees often shed their leaves for a short period

of time during the winter months and begin flowering j_ust before the leaves
appear, ﬁsually »in early sunmer. However, we did find trees in ‘the Royal
Gardens é.ubdivision with flower, fruit and leaves during 6ur field swrvey in
late November,

The 'che has a limited distribution range and is usually found in the dry
forests and very rarely in mixed lowland Forests (Fig. 8).

| It is currently under review (Categdry 1) by the U.S. Fish and Wildlife

Service (1980) and is listed by Fosberg and Herbst (1975) as "local, rare, and
endangered. ". | . |

It is unlikely that geothermal develbpnent would have a detrimental
effect on its population as the 'che is located at 'lowér elevations, away from

areas prpposed for geothermal development.

TETRAPLASANIRA HAWAIIENSIS VAR. HAWAIIENSIS GRAY

Tetraplasandra hawaijensis var. hawiiensis ('che) is a. large tree, 12 to
26 m tall, often unbranched for some distance above the ground and towering
above the 'ohi'a trees, Each leaf is divided into 5 to 9 leaflets, The
leaflets are leathery, green and smooth above but tawny woolly beneath.
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Within the study area it is very widespread, usually occurring as
scattered individuals or =small groups of trees., It can be found over a wide
range of elevations (from 100 to 3100 ft elevation) a\_nd ecosystem types—
'ohi'a woodland, all five kinds of 'chi'a forest and mixed lowland forest,

Although it has been listed for review by the U.S. Fish and wWildlife
Service (1980) it is not considered a high priority item as its range is more
extensive than had been previously believed, It is listed by Fosberg and
Herbst (1975) as "depletéd, much less common over all or most of its range
than formerly, the depletion directly or indirectly the results of human
activities; uncertain, ihsufficientr informat‘:ion' avaiiable to us to decide if

endangered; possible endangered, "

FADNA

PSITTIROSTRA PSITTACEA ' : .

The 'O'u formerly occurred in the 'ohi'a—lehua forests of the six major
Hawaiian Islands. It is now extinct on O'ahu, Moloka'i, Lana'i, and Maui.
Small populations still exist on Kaua'i and Hawai'i, and the bird has been
officially listed as Endangered.

In recent years a few scattered sightings have béen made in the project
area, 1n Kahauale'a, in Wao Kele O Puna Natural Area Reserve, and in Hawai'i
Volcanoes National Park, both near Pu'u Kamoamoa and near the Park residence
area. It is not known whether a breeding population of 'O'u still exists in
the project area, It is probably the rarest native bird which now occurs

there, however,

BUTEO SCQLITARIUS
Buteo solitarius ('I'o or Hawaiian Hawk) is the only remaining member of

the family of raptors (Accipitridae) to have reached the Hawaiian Islands,
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The 'I'o is a large, heavy-set bird with broad wings and a broad, relatively
short, rounded tail. Its plumage may be dark brown above and below or dark
brown above and pale buff below, frequently streaked with darker feathers
(Berger 1972).

. 'I'o were frequently seen during this survey; occurring over a wide range
of ecosystem types including agricultural .1ands particularly papaya fields.
The district of Puna supports a dense breeding population,

Te 'I'o is considéred endangered but its present status may be
re-evaluated (refer to Avifauna sect_ion) .

Geotherma} developnent would have a f:egat':ive impact on the nesting areas
of the 'I'o. The 'I'0c often uses the same neét or nests in the same locality.
Noise fram geothermal oi:erations may éffect hawk breeding (Char and Kjargaard
1984). Well sites and power plants shouid be iocated in open areas such as
lava flows or scrub, away from tall trees, if 'I'o are known to nest in the
nearby fbrests. The effects of well emissions on 'I'o are not clear.
Monitoring of 'I'o population size and breeding activities around geothermal
sites is recommended (Char and Kjargaard 1984).
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ENVIRONMENTAL RISKS T0 BIOTA ASSOCIATED WITH
GEOTHERMAL: DEVELOPMENT

The development of geothermal resources within the project area will
carry with it certain risks to the plants and animals found there. Of special
concern are the risks to native species, particularly the endemic species,
those which occur only in Hawaii and nowhere else in the world, several of
which are listed, or have been propoed for listing, as endangered or

threatened species under state and federal endangered species legislation.
In order to minimize such risks, it may become necessary to employ
certain mitigating measures, and it will be necesséry to undertake continued
monitoring on a site-specific basis for each s-ite proposed for development,

Such monitoring should begin before develomment commences, and should continue

‘during construction and operational phases,

Possible detrimental effects of geothermal development, and possible

mitigating measures include:

A. Direct loss of habitat, and destruction of native organisms, as a

consequence of lg_hg, clearing during construction of access roads, pipelines,
wells, poser plants, and transmission lines. This can be mitigated by
avoiding, as much as possible, land A clearing in highly sensitive areas
supporting forests dominated by native speciés, such as the 'chi'a forests
which we have identified as '_ohiﬁ_(i)_ (highest quélity habitat for native
species), and ‘'chi’'a—a(2) (high quality habitat for native species). Such |
practices as locating access roads and drilling sites on recent, less densely
vegetated, lava flows, and planning construction activity in sensitive areas

to disturb the s=mallest possible areas, would significantly mitigate this

risk,
B. Acceleration of invasion by introduced plants and animals which move into

the disturbed habitats created during development. Weedy plants frequently
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invade areas formerly dominated by native species when they become established
in such disturbed sites as roadsides, and then move fram there intb small
openings in the forest., Mitigation would consist of continual monitoring of
developed areas and utilization of some effective and envirommentally
compatible method of weed control approriate to the specific site,

C. Compaction of soils associated with constructjon activities, izand
ﬁsmgmm&mgmglLéh mmmtgmuugngtsgnd_mgﬁtﬂwmgan
certain avian diseases., While standing wéter is frequent in some parts of the
p_roject area, such as the eastern part of the Puna Forest Reserve, it is more
rarely encountered in the parts:of the rainforest which support the richest
populations of native birds. >A11 construction sites should be monitored to
assure that drainage remains unimpeded, particularly in areas with high native
bird populations,

'D. Physical damage to plants during construction and maintenance activities

MMLQMMMMH@P@L@LQS@&S.
Such construction work as bulldozmg, and such mamtenance work as cutting
roadside vegetation, should be designed to damage rema:.nmg plants as little
as possible,

E. WMMMMMMMMQQQ
composition from the natural geothermal emissions now occurring in the area to -
have g_e_t;;n_teg@ effects on native organisms. The native organisms which now
occupy sites subject to geothermal development have by evolution become
adapted to the conditions that have persisted for. thousands of years in the
southeast rift zone of Kilauea volcano, They have become adapted to at least
the typical "background"” emissions in the rift zone, although considerable

local damage may occur during eruptive cycles when emissions may increase by
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two or three orders of magnitude. Until the composition of the emissions of
geothermal wells in a particular site is known, it will be impossible to
predict the effects of these emissions, It will be necessary to monitor the
emissions, and to design appropriate mitigation measures, in order to meet
federal and state emissions standards which may be adopted. As 'more
experience is gained, it may become necessary to modify such standards to
prevent local damage to the enviromment, but as yet there is no indication
that significant damage to plants and animals in the area would be likely to
occur if emissions were controlled to the extent necessary to meet standards

designed primarily on a basis of human health requirements.
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APPENDIX A
(Photographs)



The four species pictured on the following page are presently
under review by the U.S. Fish and Wildlife Service (U.S.F.W.S.)
for listing as endangered or threatened and are discussed in

detail in the text.

Photo. 1. Adenophorus periens.
An epiphytic fern found
in wet 'ohi'a-a(l) forests,
Kahauale'a.

Photo. 3. Cyvanea tritomantha var,
tritomantha ('aku'aku).
A strikingly beautiful
specimen with pure white
flowers found in wet
'ohi'a forest above
Kaumuki, South Pahoa.

Photo. 2.

Photo. 4.

Bidens skottsbergii

var. skottsbergii
(ko'oko'olau). Shrub

growing behind Waha-
'ula Heiau in dry
forest, Kalapana.

Ischaemum bryone.
An endemic grass
found along the
Puna coast; this
specimen in Malama-
Ki Forest Reserve.
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The first two species pictured (Photos 5 & 6) are presently
under review by U.S.F.W.S.

Photo 5.

Photo.

7.

Rauvolfia remotiflora.
A medium-sized tree of
the dry forests, Royal
Gardens subdivision.

Clermontia hawaiiensis
(' oha-kepau). Considered
rare. Found in higher
elevation wet 'ohi'a
forests within project
area.

Photo.

Photo.

60

8.

Reynoldsia hillebrandii

('ohe). Flowers, fruit,
and leaves from tree
in dry forest, Royal
Gardens subdivision.

Cyrtandra sp. nov.

A rare, new species
found in the lower

Puna forests.
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Photo.

Photo.

9.

lo.

Psittirostra psittacea ('0'u).
Although not found during this survey,
the '0'u has been observed in the

wet 'ohi'a forests of Kahauale'a

by U.S.F.W.S. survey teams. It is
considered endangered.

(Photograph by S. Conant
taken from painting by
H. D. Pratt)

Buteo solitarius ('I'o).

The 'I'o is found throughout Puna
in relatively large numbers. It is
considered endangered.

(Photograph by R. J.
Shallenberger)
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Photo. 11.

Photo. 12.

Photo 13.

Summit of Mauna Ulu, Hawaii Volcanoes
National Park (HVNP). From 1969 to

1974 Mauna Ulu pumped out vast
quantities of lava. A short stature
'ohi'a- grass association is seen in the
foreground.

Access into remote areas was made by
helicopter. Landing sites were lava
flows - -this relatively ''smooth"
landing site on the 1984 Pu'u O'o
flow, Rahauale'a,

Wet 'ohi'a forest in Kahauale'a with
lava flows of different ages. Steaming
flow in background is from Pu'u O'o.
Note damage to forest.



o

| S
b K1

fr )
AR
LT

o

Lo v 11
-

iy

I
3
b

bt

i




Phofo..14.

Photo.

16.

Edge of 1977 lava flow, Photo. 15.
Wao Kele O Puna Natural

Area Reserve. Note

recovery of forest.

'0hi'a woodland with Photo. 17.
uluhe fern, Puna Forest

Reserve. The uluhe mat

is dense, up to 3 m tall,

and botanizing is difficult.

1955 lava flow
between Keauohana
and 'I'ilewa Crater,
South Pahoa. 'A'a
lava covered with
dense carpet of

lichen, Stereocaulon

vulcani.

'Ohi'a-a(l) forest
type, Kahauale'a.
Note dense tree
fern layer.
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Photo, 18.

Photo. 19.

Photo. 20.

'0hi'a woodland with uluhe and large
amounts of 'uki (Machaerina angusti-
folia), Napau Crater, HVNP. Pu'u 0'o
in background,

Dry forest at Royal Gardens subdivision,
Kalapana. Dry scrub community and dry
grassland in background.

One of several large, steaming areas
on Heiheiahulu, Wao Kele O Puna
Natural Area Reserve. The ground is
hot underfoot and much of the vegeta-
tion has been killed.






Photo. 21.

Photo. 22.

Dry forest, Royal Gardens subdivision, Kalapana.
lama trees are common; shrubs include alahe'e
(Canthium odoratum) and 'akia (Wikstroemia sp.)
Lau'ae fern (Phymatosorus scolopendria) is a
common ground cover.

Mixed lowland forest, Malama-Ki Forest Reserve.
The trees consist of 'ohi'a and lama (Diospyros
ferrea ssp. sandwicensis). Kopiko (Psychotria
hawaiiensis) is a common subcanopy tree and shrub.
Abundant swordfern (Nephrolepis multiflora)

covers the ground. Note 'ie'ie (Freycinetia
arborea) climbing up trunk of tree (center of
photo).







APPENDIX B
(Vegetation Maps)
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Pu'u 0'o flows 1983-1984

lava flows with pioneer vegetation
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